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serine bio synthe sis in plants mainly pr oce eds by tw opathw ays
･
,
a photo r espir ato ry
pathw ay which is as s o
ciated with photorespir ado nin mito cho ndria, and a pla stidic
pathw ay viathepho sphorylated m e
tabolitesfro m 3-phosphoglyc erate(3 P GA)･ In this
study, the mole c ular clo nlng and e xten siv ebioch
emical characterizatio nha v ebe e n
c aried o ut on the thl
･
e e e nZym eS, 3-pho sphoglyc erate dehydrogenase-(P G D H), 3
-
phospho sel
･in e amin o加 nsfer ase (P S A T) and 3-pho spho serin e phosphatase (P S P),
which are l
･
e SPO nSible fo r the pho spho rylated pathw
ay of serine bio synthesis in
Ar abidopsisthaliana･
sequ e nc e analysis ofCD N Aa ndge n omic clo
nes rev ealed thepre sen c eoftw o
intronsintheP G D Hge ne andsixintro n sinthePS Pge ne r espe
cdv ely;whe re as, P S A T
gen eha snointr o nin its c oding r egio n･ So
uther nblot analysis and R F LP LReshicdo n
fragm ent _Le ngth巴olym o rphism)m appingindicated thatthey ar es
ingle- copy ge ne sin
Arabidopsis･ Both PG D Ha nd P SP w ere m appe
dto chr o m o so meI, theyare2･3 and 2･2
cM below m a血 r g3786r espe ctiv ely･ P SA T w as
n apped to 也e lo w erpart of
chr o m o s o me4 which is19.1cM belo w m arke rg3 713･
Al ignm e ntof dedu c ed amino acids eq
u e n c e s with their c o u nterpartsfr o mother
organism s rev ealedthepr es e n c e of N
-tel
･ minale xte n sio npr es eque nc es･ rkte ctio nof the
fu sionp, otein s oftran sitpeptides and G F P(Qree n空1u
o resc?nc e里rotein)in
chlor opla sts
confir m ed thatP G D H, P S AT and P S Pal
l
.
e Plastidic pr otein s･ Identitie s
of the CD NA
clones w e rv erified by ll -itro e n zym e activities of
the overe xpres sed protein sin
Eschen
･
chia c oliandtheir abilitie sto co mple m e ntE･ colts e rine a u x otr oph
ic m utants･
Biochemicalstudie s o nthe kin etic properties of P GD H and P S A Tsh
o w ed n o e nd-
pr oduetinhibitio nbyserine･ Ho we v e r･,
P S Pactivity w as60% reduc ed by10mM
se rine･
w esternblot analysis l
･
e Vealed the acc um ulation of P S ATpr otein inboth leaf
and r o ottis su es of light-grow nplants･ Im mun olo c ali
z atio ndem o nshatedP S A Tpr otein
vii
a c u ln ulatio nin the stele, espe cially in the cells a s s ociated with xy
lem ･ Il - itu
hybridizatio n show edprefer
e ntialmR N Aexpre s sio n of P S A T in the m eristem tis sue s of
Anabidops ISroot tlPS･ Together withthe
northe r nblot analysis re s ults whichshow ed
high expr es sion ofthese thre egen
es in the ro ot tis s u es of light
-gr o wn pla nts, 血e
pho spho rylatedpathw
ay ofserin ebio synthesis w a spropo s edtoplaya n
impo rtantr ole
in supplying s erine to n o叩 hoto syn
thetic tis s u e s where the pboto resp血 叩 S e血 e
biosynthesisis suppr e s sed･ Thispathw ay m ay als ofu n
ctioninfastprohfer atlnghs s ues
whe rethe serinede ma nd ishigh.
viii
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C H A P T E R O N E
GE N E R A L I N T R O D U C T IO N
1.1. Se riⅠ一e a nd its Role
Serin eis akey Inter mediatein a n umbel
･
Of importa nt m etabolic pathw aysincludingthe
photol
'
eSPir ato ry m etabolis m ofglycolateto 3-pho sphoglyc er ate(3 P G A) (1). Itis also
impo rta nta sapre c urs orbio m oleculeinthe ge n er atio n ofglycine, 仕yptophan e, cystein e
andin theinterco nv ersio n of ho m o cysteine a nd m ethionin e(1-3). Be sidesthat, serineis
inv olv ed in the synthe sis ofpho spholipids, po rphyrin s, purin e s a nd 血ymidin e. Itis 血e
pre c u rs or ofpho sphatidylcholin a nds otll
･
Ce Ofo ne - c arbo nunits a s well.
Sel･in e m ay hav e s o me signific an c ein the bio chemicalrespo n se s of plants to
v ariousforms of e n vir o nmentalstr es ses･ Ac c um ulation ofsel･in einplants gr o w n atlo w
te mper atu reand elevated salimityhadbe en r epo rted(4). In additon, s erin e w asfo u ndto
be a nimpo rta nt pr e c u rs ol
･
Of etha n olaminein c ertain h alophytes･ Itis s ubs equ e ntly
c o nv ertedto glycl n ebetain e which ac cum ulate s m arkedlyin c ertain plants subjectedto
e n vir o n m entalstresses(4).
1･2. Bio synthesis ofSe rine
In theye ast, Sa c cha]
･
o myces c e T
･
e Visiae
, serine andglycine ar emainlysynthesiz edbytw o
pathw ays･ Onfer m e ntable c arbo n s o u rc e s, s erin eisge n er ated via theglyc olytic pathw ay
fr o m3PG A, wher eas, o nno nfe m entable c arbon s o urce s, thegluc o n e ogenicpathw ay(5), .
sta rtingfr om glyoxylateis utiliz ed･
In a nimals a nd bacteria, s erin eis mainly synthesized via the pho sphorylated
pathw ay(6), utiliz ngthe3P G Awhich w asderived fro mglyc olysis orfr o mthe o xidativ e
o rreductiv epento s ephosphate pathw ay. U mba rger eta. (6)pr ovi ded the evide n c efor
the operatio n ofapathw ayfr o mgluc o seto serin e via3 P G A, 3-pho sphohydrdxypyr u v ate
(3PH P) and 3-pho sphose rin e in the e xtl
-
acts Of Es che richia c oli and Salm on ella
typhim u n
'
u m･ It had been con cluded that these tllre reactions pr o videdJthe only
significa ntpathw ayto s erinein the s e o rganis m s･
The situ atio nis m or ec o mplexin photo synthetic plant tissue s since biosynthesis
ofs erine c a npro c ed viathe photo r esphatory pathw ay(8)(Fig･ 1). T hephotor e spir atory
pathw ay, as s ociated withphotosynthe sis andr e spo n siblefo l
･
Photo re splr atio nis the m o st
w ells山diedpa血w ay･ G lyc olateisthe s ubstr ate ut山z edduring pboto respir atio n(9). Its
productionin the chlo r oplastsinitiatedthe photor esplr atO ry Pathw ay wher eglycolateis
oxidiz edto glyoxylate fr om which glycin eis generated. In the mitochondria, s e rin eis
ge n erated by re a ctio n sinvolvingtw o m olec ule s ofglycin e; o n e m ole c uleis o xidadv ely
de c al･bo xylatedand de amin atedtopr odu c e anactiv ehydro xym ethylgr oupthatbe c o m es
atta chedtotheβ- c arbon of the se co nd m ole cule. M o stof the serinepr odu ced is retu rn ed
to the C alvin cycle via hydro xypyruvate and glycer ate･ In C3 lea v es where
photo respiratio npl
.
OVides substantialam o u nts ofglyclne, flu xthrough this pathw ay lS
rapid(10).
In the abs enc e ofphoto re splr atio n, s e rin ecould be synthesiz ed fr o m3P G Avia
the series of r eactions catalyzed by 3-pho sphoglyc er ate dehydr oge n ase(PG DH), 3-
pllO SPho se rine amin otr an sferase(PS A T) and 3-phospho serin epho sphatas e(P SP) (11)
(Fig･ i). Ithasbe e npr opo sedthat thelatterpathw ayis pr obably of min o r signific an ce
c omparedto the photor e spir atory pathw aydu ringda沖ghtho ur swher ephotoresplratio n
take spla c e, but m aybe ofm oreimportanc einthedarko r e al
-1yinleafdev elopm e nt(3)I
Ho w e ver
,
ther eis s om e eviden c eforthe pho sphorylated pathw ay operatl ng l ngre e n
l
tis s u e sdul･ing photo synthesis(3, 10). Ex actly whythese activities ar epre s e ntinle a v e s
has not be e n adequately explain ed, but it seem slikely that they m ay slgnific antly
co ntributeto serine synthe sisin thedark whe nthepathw ay ofc arbo nflu xfr o mglyc olate
to s erine ceas es to fun ction ･ Its importa n c ein pr o viding serin eto no n
-photosyn也edc
tiss ues c o uld be a n otherpos sibilityforits c oexiste nceinplapts･
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A gr e atdealofphysiological, e nzymic andge n etic evi den ces ar en o w a vilable,
indic atingthe o cc u re nc e of several alte rnativ epathw ays of serin efor m atio nin vivo .
P hysiologicale videnc es w er eprovided by r adiotr acer studie s, effe cts of in hibitors and
en vir o n m e ntalstudie s. Radiotr a c er studie s s uggested the e xisten ce of atle ast tw o other
s erin ebio syntheticpathw ays:the n o n-pho spho rylatedpathw ay via glyc erate(1)andthe
fo rm atepathw ay(10).
Based o nthe re sults of inhibito rstudiesusingis o nic otinic acid hydr azide(IN H)
(theinbibito r ofglycin edec a rboFylase)(12);butyト2-hydr o xy-3-butyn o ate(B H B)andα
-
hydl
･
OXy-2-pyridin e- m etha nesulfonate(theinhibitors ofglyc olate oxidase) (13, 14); and
glycine hydro xym ate (the inhibito r for the co n v ersion of glycine to serin ein
mitocho ndria)(15); abouth alfofthe s erineis synthesized fr o mthe photor e spir ato ry
pathw ay and halfisderiv ed by a nothe r ro ute u nder n o r mal airlev els of C O2 and O2･
Synde r a nd Tolbe rt (16) suggested that serュn e bio syn血esis tbm ugh 也e
photoresplr atOry pathw ay m ay be reduc ed at high C O2 CO n Centratio n due to the
c o mpetition betw e enC O2 a nd 02 fo rthe a ctiv e site of large subu nit of ribulo s e-1,51
bispho sphate carbo xylas e/o xidas e; whilethe relativ econtributio n ofthe alter n ate r o utes
血ghtbeinc re ased with 3P G Aa s apote ntialprec urs orto se rine .
Appal
.
e ntindepe ndence ofthelabellingpatter n ofglycin e andserine, andthela ck
of dete ctable glycl ne tO Serine interc o n v ersion in is olated mito cho ndriafr o mthe s加
m utant(17)suggestedthatglycin e and serin e ar e n ot related a sprecu r s or/p odu ctin the
stm m uta nt(18)･ These r es ults are c o n sitent with the propo sal; serine m ay notbe
synthesiz ed fro m c arbo n月･o w l ngfro mglyc olate, butfr o m3P G Athr o ugheither3 P H P
and 3-pho spho s erin e, o rglycer ate and hydro xypyruv ate, to s erin e(19). Be ckm ann etal.
(20)als o reportedthat thelevel ofserin einthele a v es of both the wild-type andthe s on
m uta ntre main ed largely u n cha nged duringillumin atio nin air. Therefore, the alter nativ e
ro ute s ofs erin ebio synthe sis arepre s e nt to e n s ure suffic e nts erin e s upplytothepla nts･
Ac c ordingto W ingler et al･ (21), whe nthe photo re spirato rynu 又 w a s e nhan c ed
byillumin atl nglea vesin lo w C O2, theglycln e C O nte tin le a v e s ofplants withredu c ed
glycin ede c al
'boxylase multie n zym e co mple x(G D C) activitie s(48 % G DC a ctivityof
wild-type)doubled. Altho ughthe glycin e/serin e ratiosin c re as ed u nderconditio n s which
e nhan c ed photor espiration, ther ew a s n o str o ng effe ct o nthe c onte nt of serine･ T he
existe n c eof an altern ativ epathw ayfor serin ebio synthesisis o n c e agaln C On血 皿 ed a nd
pr o v ed.
Keys(10)and Leczko w skia nd Giv aJl(22)hadpublishedtw oexte nsiveliter atur e
reviews o nthe v a rious pathw ays ofserin ebio synthesis, uptothe end ofthe1970s a nd
1980s re spectiv ely･
i.3. T he Pho spho rylated Pathw ay
In n o n-photo synthetictis s u es(e･g･ ro ots, developing a ndgermin ating s eeds etc.), the
glyc olytic inte r mediate, 3P G A is o xidised by 3
-
pho sphoglycerate dehydr ogen as e
(P G D H) to fわrm 3P H P, which in turn is c o n verted to 3-phosphoserine by 3-
pho spho serin e amin otr a n sfer as e(P S A T)･ In the finalstep, dephosphorylatio n of 3-
pho spho s erin eisperfo rln ed by3
-phospho s erin epho sphata s e(PSP)(23)(Fig. 1).
Se rv aites aJld Ogr e n(12)dem o n str atedthat50 %oftheinitials erine synthesis
remain ed afte r chemical inhibitio n ofthe photol
･
eSPlr atOl
･
ypathw ay, s uggestingthat a
se condpathw ay lS a ctivated fo rserine fo r m atio n･ Carbon ato m s of serinepr odu c ed by
仇e photo resplr atOry pa也w ay du ring pboto syn也esis 加 m
14c o2 Sho uld be c o m e
u nifbr血y labelled in C l a nd C2. Serine m ade 血
･
o m 【ト
14c] 3P G A甲 ould be
pr edomin antly ca rbo xyト1abelled. The initial distr butio n s of[
14c]ins erin e m ade by
chlor opla sts(24), le aves of C4 Pla nts(25, 26), ho m ogenates ofpe a epic oty1es(27) and
unic ellulal- alga e(28)suggested s o m e synthe sisfr o m3 PGA. Hes s and Tolbert(13)als o
dem o n str atedthatserin esynthesisfr o m3P G Ao c c u rr ed in tobac c ole a v estreated with α -
hydroxy-2-pyridin e methan e s ulfo n ate.
T he metabolis m of[1-
14
c]3P G A inthedark bycelljre e extr acts of Cocc o chlon
'
s
pe m
'
o q stis resulted inlOO %c arboxyl-labelled ofse rine(29). Thelabel止ng w asreduced
dr amaticallyintheprese n c eof 5m M 3-pho spho s erine with as m u ch as94 %r eductio n
after20 min utes(29). T hela ck of detectable a ctivity of3-phosphoglycer ate phosph年taSe
a nd hydr o xypyru vate redu ctas e(H P R)m ayindic ate the abs e n ce ofa c o mpleteglyc er ate
pathw ay･ In the abse nc e of a co mpletephotor e spir atory pathw aya ndglycer ate pathw ay,
I
the synthe sis ofs erin edirectlyfr om 3P G A isther efor e n e c e s s alytO e ns ure a C O n Sistent
supply ofthis a血 n o acid fo rpr otein synthe sis(29)in cyan oba cteria a sitisin highe r
plantcblo r opla sts･
Atim e-co urs e studies ofse rin elabellingfr o m[
14c]glycolateinle mn aplants also
propo sedthats erin einle m n a w a sderived m ainlyfr o m3 P G A, especial1yinplantsgro w n
on am m onia whe rethe requil
'
em e ntSfo r se rin einprotein synthesisin cr ea s ed(30).
There hasbe en n o reallyinte n siv e investlgatio nin volving chara cteriz atio n of
pu rifiedenzym esfr o mhighe rpla ntsinthepho spho rylatedpathw ay･
The pho spho rylated pathw ay see m sto be the predomin ants erin ebio synthetic
pathw ayin no n
-photo synthetictiss ues e･ g･ seeds, m eristem s, r o ots or n odule s(31)I 0n
the otherhand, germin atedpea and coty1edo n s which apparentlylackingP S A Tactivity,
se rin eispr obablyfor med bythe glycel
-
atepathw ay(I)I
1.4. T he P hoto r e spirato ry Pathw ay
T he oxidativ ephoto synthetic cal
'bo n cycle, c o nstitutestheprlnCipal bio chemicalpathw ay
respo n sibleforthe uptake of O2 andr elease of C O2in photo respiratio n(22)I G lycine and
serin eal･einter m ediatesinthephoto re spiratory m etabolis m ofglycolateto3P G A(Fig･ 1)･
Serin eprodu ction via this pathw ay has re c eiv ed m u ch atte ntio n and hasbee n w ell
docu mented. The glycin ede c arbo xylase ln ultie n zym e c o mple x(G D C), alo ng with the
enzym e serin ehydr o xym ethyltr an sfera s e(S H M r), is r e spo n sible for the respiratory
c o n v ersio n ofglycin etoyield C O2, S erin e 弧d N A D H inpla nt mito chondria(3 2,33)･
G D Cc o mpris es of fo u rdiffer e nt c ompone ntenzym e s:P
-pr otein(adiner of 106
k Da proteins, site of pyrido xal 5-pho sphate binding amin o acid de c arbo xyla s e), H -
protein(a13.8 k Da m ono m er withabound lipo mide cofactorthatfor m sthe c o r占ofthe
c omplex), T-pr otein(a41 kDa m o no merthatisthe tetral1ydr ofolate tr a n sfera s e), and LI
protein(adim er of 5 0 k Da subunitsthatisthe fla v opr otein, 1ipo ami dedehydr oge n ase)A
Oliv er et al. (34)show edthat the m ultie n zym e c o mple xhas a stoichio m etry of 1 L-
proteindim er, 2 P-pr oteindim er s, 27 H
-
pr otein m ono m er s and9T
-protein m o n o m ers･
Inthele a v e s ofgr ee npla nts, the mito chondriaglycin eclea v age re actio nispart of
thephotoresplratOry Pathw ay which re cycle stw oc arbon m oledule spr oduced as a l
･
eS ult
of the oxidativ e r eaction of ribulo s e-1,5-bispho sphate c arbo xylas e/o xygen a s e･
Co n s equently, the se polypeptide s accu m ulate to highco nce ntratio nin the mito chondria
w herethey m ayrepr esent3 0-50 %ofthelnitocho ndria matrixprotein(35)･ H-pr otein and
p-protein mRNA areco ntrolled at thetr an scriptional lev el･ Thefourpolypeptides ofG D C
aJld S HM Tappe al
.
edtobelight-induced(36, 37)･ Noglycin eoxidation activityis pr e s e nt
in mitochondriafr o m n on -gl
.
e en eti01atedtis s u es(34). T he am o u nt ofe n zym e within the
m atrix of mitochondriais olatedfro mthele a ves of C3Plantsis s e v eral fold higherthanthe
lev els mea suredin ally Othertis su es･ cDN Asfor P-(38), L-(39), H -(40, 41)pr otein s
from plants ha v ebe e nclo n ed･ W al ker a nd Oliv er(42)presented a v ery go od r e vie w on
thelighトinduc ed in c reases of G D C･
S H M Tac cu m ulates to high c o nc e ntratio nin 血to chondria of gr een lea ves.
S山dies ofa mutantdeficie ntinthis e n zyme(43)suggestedthat thispathw ayis the s ole
s ource ofphoto resplr atO ry C OBrelease and is not es s e nti al for any otherfu n ctio n within
thepla nt(44)･ S H M r is a rever sible e nzym e withthe equilibriu m slightlyinfa v o u r of
glyclnepr Odu ctio n･ Inleaves, the r e actio nis driv e ninthe 血 e cdo n ofserュne syn血e sisby
high con c e ntr atio n of glycin ethat al
-
e Produ c ed by photor espir ation･ Ro ot S H M r
synthe siz edglycin einstead ofconsu mingit(3).
T he plastid fo r m of r o otS H M r is pr esu m ably suffic e ntly differelltfr o mthe
mito cho ndrial for m e nzym e. T her e m aybe a n o n- mito cho ndrial fo rm of S H M r in gre en
leav estoo . S H M r is n u cle ar- e nc oded
,
ho w e ver, the po ssibility that afo r m of S HMr
e n codedin the mito cho ndria m ay als oe xist(44).
1･5. The G lyc e r ate Pathw ay
The glyceratepathw ay c o mpris es Ofthre e o rfo u r e nzym e s, n am ely3
-phosphoglyc er ate
pho sphatase, glyc e rate dehydroge n ase(G D H)ando n e ortw o amin otr an sfe rases:alanine-
hydro xypyru v ate (A H-A T) and po s sibly glycine-hydro xypyruvate amin otra n sferas e
(G H AT)･ This pathw ayisinitiated bydepho sphorylation of 3P G A, and withglycer ate
and hydr o xypyru vate a sintermediates(Fig. 1).
The e xte ntto whichthis alter n atepathw ay m ay c o ntributeto s erillebiosynthe sis
has notbe e nestablished(11)･ W alsh and Sallach(45)sho wedthatbothphosphorylated
and non -pho sphorylated pathw ay w e re ope rativ ein a nimalsyste m･ The a vailability of
fru cto se m aydete r min e whichpathw aypl
･
edomin atesin aglVen tis s ue ･ In s o me tissue s,
the m ajo rPathw ay Involves no n
-pho sphol
'
ylated inter m ediates, w her ea sin othe rs, the
form ation ofs erin e o cc u l
･
S es sentially bythepho sphorylatedpathw ay･ In pigliv er and
dogkidn ey, c o n siderableserinebio synthesis occ ul
.
S bybothpathw ays. Sn ell(46)argu ed
that, the pathw ayIn volving non -pho spbo rylated interm ediates uses 2-pho sphoglyc er ate
(2P G A)in stead of 3P G A, ther eforeitis m orelikelyin volved in s erin e c atbolis m. This
co uld be also the c a sein pla ntcells･ Itis unkn o w nto whate xte ntglycer ate c a nbefurther
conveledto serin e.
3 -P ho sphoglycer ate pho sphatases, hydr olyzl ng 3P G Ato glyc er ate, w a s
bio chemically characterized fr o msugar cane (47)and spin ach(48). The chlor oplasdc
e n zym eis very ac加 einthele a v e s of C4 -plants a nd islo c ated m 血1yinthe cyto s olof 也e
m es ophyllc ells but with a min o r a ctivitypo s sibly as s ociated with chlor oplasts(22). It
als oappe ared in thes olublefr actio n of C3
-
Pla nts･
Both A H- A T and G H- A Tw ere fo u nd in per o xis o m e s(49). Leaf e xtr a cts of
seve ralspe cies c o ntain ed hydr o xypyr uvate-dependent amin otra n sfer ase activity which
usedala nine andto s o m e e xt ntglycln e, a S a n a min ogr o npdono r･
Hydr o xypyruvate r edu ctase(H P R)catalyses 也e r eductio n of bydr o xypym v ate to
glyc e rate withthe sim ultan eo u s o xidatio n of N A D Hto N A D
'
at pH 6･0
-6･5･ At a n
optim u m pH of 8･9-10, glycel
･
ateis o xidisedto hydr o xypyru v ate with the r eductio n of
NA D'･ Therefo r e
,
itis alsokn ow n asglycer atedehydr oge nase(GDH). H P R/G D H isthe
m o steElte n Sivelycharacte riz ed en zym ein theglycer atepathw ay･ Ithasbe e npurified fr o m
tobac co(50), spinach(5i), cu c umber(52)a nd lem n a(53)le a v e s.
- T his re a ctio nis pal
･
t Ofthephotol
･
eSPll
･
atO ryPathw ay and is c o nfin ed e xclu siv ely
in le af pero xis o mes･ H P RノG D H in the cotyledons of c uc u血ber se edlings is both
developm entally and light-indu c ed･ H P R/G D Htr an s cripts abu ndan c eis tis
l
sue-spe cific
andstr onglyregulated bylightinlea v es(54)･ A micr obody-is ofo r mofH P R/G D Hw as
dete ctedinpu mpkin(55)I
H P RノG D Htr an sc ripts w erefou nd in gr ee ntis sues s uch as c otyledons 弧d leav es,
but tra n sc ripts ha ve n ot bee n detected in ro ots･ The tra n scriptle vels in light-gr o wn
seedlings w e re50-foldm ore abundantinle ave s and cotyledo n sthanin r o ots. Thele v el
of H P R/GD HmR N Aw a s stro nglyr egulated bylightin dark- adapted cu c uI血 erle a v es
(54)･ HP R/G D Ha ctivityinc re ases sev eralfoldupo n e xpo sur e of etiolated seedlingsto
thelight(56,57) and is r egulatedatapr etr an slatio n a1le v el(57)in volving aphyto chr o m e
(58)･ The as s u mptio nthat the m o st fa v orable c o ndito nfol･ glyc er ate oxidatio nis
pr obably ln the dark whe n the photo resplr atO17 Pathw ay cease to fu n ctio n, is n ot
consistent withthe abo v efindingthatH P R/GDH islighトinduc ed. H P R/G D H is m o st
likelyther atelimitngstep ofc al
-bo nflo wfr o m3 P G Ato s erine. Liang etal. (49)show ed
thatthe ov e rallrate ofglycerate to s el
･ine co n v e rsio nw as si mi 1arto H P R/G D Ha ctivity,
co n sistent with H P RノG D H beingthe r ate-1imtlngStepl n Serュn efbm atio n･
1･6･ A Fourth o rM o r eSe rin eBio synthetic Pathw ay?
Inyeast, Melcher and Entian(59)repo rted m utage n esis of a se rl se r2 calltriple muta nt
which facilitatedtheis olatio n ofa m utatio nin a n ew gene, S E X 10･ S E R IOgen e appe ar s
to bepartofapathw ay, w hich under no r malgrowthc ondito nsisles simpo rta ntihserin e
bio synthesis; po s sibly a va ndate-depende nt s e rin e sul払ydr as e c o n v erting cystein eto
serin e(60)･ Isthere afo urtho rm ore serinebiosyntheticpathw ayinhighe rplantsto o?
Fo r m atein le a ve s c a nthe ore cdcaly a rise by a n on - e nzymic r e a ctio n,betw?e n
hydr oge n pe r o xide and glyoxylate. Early r adiois otope studies by Cossin s(61) and
Co s sin s andSinha(62)de m onstr atedthatfe ed ingof
14c-labelledm ethan olorfor m ateto
green･tiss ues r e s ulted in a substantial in c o rporation of thelabel intothe th irdc arbo n of
serine･ Ther efo re
, itis pro v ed that the C-3 s erin e can be derived froTn O n eCarbo n
co mpou nd which isinturn do e snotn ece s s arilyhav eto orlg n atefr o mglyclne･ An activ e
one -carbo n mit po ol in leaves c a nbe arise from n o n- enzymic decarboxylatio n of
glyoxylate(63, 64)I Dir e ctreduction of
14c o2 0r
14c otoform ate withtheinc o rpor atibn
of form ate cal
'bo ninto C-3 po sitio n of serin ellaS als obe pr ese nted(65-67). Itis
unkno wn to whatexte ntthispathw ay m ayc o ntributeto s erュn ebio synthe sisinpla nts･
1･7･ Regulatio n and Co o rdin atio n of Diffe r e nt Pathw ays
The existe nc e of m etabolites that can be for med by tw o or m o re pathw ays rais ed
interesting qu estio n s concer ning their regulation and e xpres sion･ Sin c e v ario u s
bio synthetic e n zym es ar edistributed am o ngdiffer e nts ubcellular orga n ellesinplant cells,
itis possiblethatsignific a nt regulatio n of the m etabolism ofglycin e and s erin e m aybe
a chiev ed byc ontl
･
011ingthe rate ande xte nt ofthetra n sport ofinterm ediate s andpr odu cts
betw e e nva rio u sreactio n site s.
Tw o or m o r ebio syntheticpathw ays m ay coexistin a sl ngle c elland e ach m aybe
prefere nti allyutilizeddepe ndingupo nthephysiologically state ofthe c ellat aglV e ntim e･
Itis c o n c eiv ablethatsel.ineisderived fl･O mglyc olate with theinter mediatefor m atio n of
glycin eduring photo synthe sisin C3 plants, w hereasthe se血 ebio syn也e sis orlg n a血g
fr o m the glyc olytic interm ediate 3P G Aoper atesin the dark･ Cases of m etabolic
differentiatio n
,
in which the e nzym es as s o ciated with the partic ular pathw ay ar e
synthe siz ed onlyin s o me ofthe c ells ofapla nt, w o uldrepre s e nt anotherpo ssibilityfor
the existe n c e of m ultiplepathw ays(1 1).
A s u rfeit ofs erin e w as fr om glyc olate by the photo r esplr atO ry Pa血 w ay･ The
s erin e synthe sis by n o n-photo respiratory pathw ay w a s about l % of the o v erall
production ofthis amino a cid in C,lea ves(18). T hepho sphorylatedpathw ayfor s erine
fr om atio nis m o stpromin entin n o n-photo syntheticplant tis su es e･ g･ seeds, m eristem s,
roots or n odules･ This w asbased o n也e reports thatbo血 seeds and r oots werelack of
H P R/G D Hactivity(1, 27), a ndn odulesw e1･ela ck of A H- A Tactivity(3 1). In ge rmin ated
Pea C Otyledo n s which w el
･
e la ck of P S A Tactivlty, S erin ew aspr obablyfo r
'
m ed bythe
10
glyceratepatl- way(1)･ Thus, the do血 nanc e of serin eform atio nby n o n-photosyn也etic
tissu es e .g･ r ooto rgermin atedse ed･ m eriste m s a nd n odules viathepho spho l
･
ylatedr oute
is du eto the low photo r esplrat Ol
･
y r ates and low e n zym e activities ofthe glyc erate
pathw ay･ Specific activities ofthe phosphorylated pathw ay en zym e sin 1e a ves were
u suallyfully co mpal
.
ableto tho se fo undin no n-photo synthetic tis s ues(i, 27, 3 1). The
pre se n c e ofthese el-Zym eS ill lea v es s ee血s likelythat they m ay c ontribute to serine
bio synthe sisin thedark.
1.8. Aim s ofStudy
Sinc ethe se rine pathw ay lSinter-r elated witha nu mber of othel
･
m etabolic pathw ays,
char a cteriz atio n ofthe genesinthephospho rylatedpathw ay will helpto l
･
eV eal ho wplant
orchestl･ateS the num er ous m etabolic ev e ntsin whichs erine plays a r ole･ The present
studyser v es as a stepto w ardsthe u ndersta ndingofthesege n e s at血e m ole cu血 1e v el･
The obje ctives of my study areto clarifythe slgnific anc e and regulatio n ofthe
pho spho rylatedpathw ay ofserillebio syntbesisby m olec ular clo nl ngand chara cterizatio n
ofthe thr ee enzym e s:P G D H(C h叫er2), PS A T(C hapter3) 弧d P SP(Chapter4), 比at
arein v olv ed inthepho sphorylatedpathw ay ofse rin ebio synthe sisinArabidopsis t]u lia lW,
andthe constructio n oftransgenicplants o vere xpr e ssingP G D Hand P S A T(Chapter5).
ll
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M O L E C U LA RCLON ING A N D C H A R ACT E R I Z A TION OF
3･P H OSP H OGL YCE R A TE D E H Y D RO G ENAS丑 (PGD H)
A bstr act
3-Pho sphoglyc er ate dellydrogellaSe(P G D恥 tbe 血st e n zym e thatisinv olv edin 血e
phosphorylated pathw ay of s e rin e bio synthesis, is respo n sible fbr 也e o xidation of
3P G Ato 3P H P･ Sequen ce a nalysis of CDN Aa nd a genomic clo n e re valed that the
P G D Hge ne is compo s ed ofthre e x o ns, e n c oding a 623amino a cid polypeptide
(66,453 Da)I T hededu c edproteiI1, C O ntainingthr e e ofthe m o stco n s er v edregio nsin 也e
N A D-depende nt-2-hydr o xyacid dehydl
.
OgenaS efa mi ly, has 3813 9 %si mi 1arityto its
animaland bacte ria counterparts･ T hepr es e n ce ofan N -te rmin alexten sio n e xhibitingthe
ge n eral fe atures of plastidic tr an sit peptide w as fu rther confir m ed by particle gun
bo mbardmentexperim e nts using gree n nuoresc enc eprotein(G F P)as arepo rterprotein
fo r subc ellular o rga n ellelo caliz atio n･ Southern hybl
.idiz ation and r estrictio nfr agm e nt
lengthpolym o rphis m(R F LP)m appingindic ated thatP G D H is a single-c opy gen ethat
m aps to the upper ar m of chr o m o s o me 1. No rther nhybridizatio n a nalysis indic ated
pr efe re ntialexpres sio n of P G D HmR N A in the root tis sues of light-gr o w nplants,
suppol
.
tingtheidea that the pho spho l
･
ylated pathw ay ofs erin ebio synthe sis plays an
importantr olein supplyings erine to n o n-photo synthetictis s ues･
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2.1. Introdu ctio n
3-Pho sphoglycerate dehydr oge n a s e(P G D H) (EC l･1･1.95), the fir st enzym einthe
serin ebio syntheticpathw ayfr o m3P G A, catalyz e sthe oxidation of 3P G Atofo r m3P H P
byutiliz ng N A D
'
a s acofa ctor･ The m olec ular clo nl ng andbio chemicalchar a cteriz atio n
ofP G D H hav ebe e n repo rted fo r av ariety of bacteri al(68, 69, 70)and animal(2, 45,
71)s o u rces･ In highe rpla nts, thebioche血 calch∬ acte riz ation of P G D H hasbe e n c arried
o utin pea(72)a ndspina ch(73);ho wev er, no m ole c ulal･ Clo ning and chara cteriz atio n
w as r eported･
Serin ec an befo r m ed by m o rethantw opathw aysin higherplants(10, 22). The
photorespiratory pathw ay(8)ofs erュn ebiosyntbe sis v∫〟 glyo xylate 皿d glycin eis 血e
m ajO1
.
route Of se rin efor m atio ninphoto synthetictis su es of light-gr o w npla nts. The
othertw o s erin ebio syntheticpathw aysfro m3P G A, whichc anbederiv ed byglycolysis
orthe pento se pho sphate pathw ay, via either pho sphorylated o r n o n-phospho rylated
inter mediates arepropo sedto beimportantse rin es ourcesin n o n-photo synthetictis su es
or u nde rdark co ndito n, depe nding o nthe type oftis s u esin v olv ed(27). P G D H is
prim a rily a s s ociated with s e eds, wher e as, glyc er ate dehydr ogen ase (G D H), 也e
repre sentativ e e n zym ein the n o n- pho sphorylated s erine bio synthetic pathw ay fr o m
glyc er ate,is associated with le a v es(27)･ How e v er, GDH w as reportedto ex c eed P G D H
duringseedgerminatio n･ 刀-e op po sitetrend w as obser v ed in apicalm eristem ･ Etiolatio n
als o 1.e Sulted in a nin cre ase of P G D H(27).
T he s e rA ge ne which encode sP G D H ha sbee n cloned a nd char acterized in E.
c olt(68, 74, 75)･ E･ colt P G D H
､
is atetr amer of identicalsubunits, each c o n siting of
thre e do main s fo r n ucle otide-binding, s ubstr ate-binding a nd regulato ry fun ction･
P G DIIsfrom pe a(72), E. coli(76, 77) and Ba cillu s s ubtilis(78)arefeedback in hibited
bys erine wher easthe en zym e丘
･
o m spina ch(73) 皿d 弧im al(71, 79)do n ot e xhibit
si mi la rfeeedback regulatio n･ How e ver, P G D H in r at liv ersis l
･
egulated at the
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tran sc riptl O n alle v elI
In this chapter, cD N Aand ge n omic clo ni ng, biochemicalchar a cterizatio n a nd
expres sio n of P G D H fr o m ahighe rpla nt, A･ lhalhm , are repo rted･
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2. ヱ. Re s11ts
2.2.1. Clon ing a nd C ha r a cteriz atio n of PGD Ⅲ
●
P hageplaqu es produc ed fro m a nA7
･
abidops IS Wholepla ntCDN A libl
･
ary w er e s cree n ed
wi tha synthetic 50- m er oligo nu cle otide probe, ba sed o nthe s equ en ce of A. thalim La
E STs clon eF A F H Ol, whichsho w shigh ho m ologytoP G D E fr o mB･ s ubtilis･ Amo ng
the foul. PO Sitive clo n es sele cted fo rfurther studies, C P G D H-5, which c o ntain sthe
largestCD N A ins e rt(2･ 2kb)w a s s ubclon ed andsequen c ed･ Sequ e n ce analysis(Fig. 2)
r e v ealed an ope n re ading fr am e of 1881n u cle otide s, e nc odingfor 623 amin o acid
residue s･ The first A TG triplet, which is 14n ucle otides aw ay fro m the 5
･
- end of
C P G D H-5, isdesignated as the trallS ationalstartpoi ntbe causethe sequen ce ar o u nd the
Met codon(A G T C∠辺望G C) m atches wellwiththe con sen s u s s equ en ceforplantgene
initiatio n c odo n s(A A C A逃 G C)(80)･ This is fu rthe r supported by the prim er
extension r esult(s eelater)地at n appedthetra n s criptio n alstartpointat38 bp befbre也e
tr an slatio nalsta rtsite･ A 3f -untranslated region Of 265n u cle otides do w nstre a m of the
tr an slatio nalstop c odo n(T A A)is pr ese ntin the CD N As eque n c e. The A A T A A A
polyadenylatio n sign alisloc ated 129n u cle otides upstre am of 血epoly(A)tail.
Thededuced amin o a cidsequ e n c e of Arabidopsis P G D H ha sbeen align ed with
PG D Hs fr o m other organis m s(Fig･ 3). A phyloge n etic tr e e(Fig. 4)indic ate sthat
ArabidopsisP G D H is clo selyr elatedto the e n zym e sfr om B･ s ubtilis, Syn e cho cysh
･
s sp･
and m a mmals･ T hese pr otein sfor m afami ly distinctfr o m otherbacteri aland ye?st
PG D Hs･ T he dedu ced 66,453 Da pr otein, c o ntainihgthr e eofthe m o st c o n s er ved
reglOnS in the N AD-depe nde nト2-hydr o xya cid dehydroge nase fami ly, has 38-3 9 %
si mi 1arityto amin o a cidsequ e n ces of P G D H fr o m other o rga nis m s(Fig. 3). The first
Patternis based on a Gly-rich regl On thatpr obably c orr esponds to the N A D bindng
do main
, G ly- X - Gly-X2 - Gly-Xl,
-Asp(8 1). Tw o othe rpatter ns c o ntai a nu mber of
c on serv ed charged residu es, s om e of whichlnay Playa roleinthe catalytic m echanis m･
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The 623amino acidre sidu es of Arabidopsis P G D H, sharing the thre e-dim ensio nal
structu re of E･ colt P G D H(75),isthelo nge st am o ngall･ Itdiffersfr o mthe r est mainly
du etoitsC-te minal do m ain andN -terminalexte nsio n.
A A A A A A A AG G m TG G C A T T r rC且 TC m CTr m GT℃C GTCAAA GCCG T C Å且CTCA CG
凹 Å F S S S C S S VE Å V h7 S良
CT rGGACG
r
l℃1℃CGTCTCCCTrCACC mr rCTA CnT rCGCCCU TCCC TGC m CC Tr m
W T S P SP S P S S R F A V L P Å F L ll
CCGCC GT rACGC A ACA ÅG CGTCA AACTA A C G G C CA TAAGCGC CG C CrITAA AACCGT CGA
R R Y Å T S V K L TA I S A A L 7( T V E
GCA A A C G ÅC G m
t
A ACAGAGGA T A ÅCAGA T rCIC A AC CGTCGGA TC m Cm TY3A A T A
Q T T L T E DN a F S T V G S D S D lヨ Y
C A A TCCA ACTCTT CCAAAGC CG瓦GG A TCCTCGTCACG九GAA 且CTG G G AGAAGCCGGCGT
N P T i P lく P a I LV T E X L G E 且 G V
G邑ÅT C T C C T C A GX3 Cn A T TCGGCG ACGTTGA CT m TÅCG且 TC T r rCGCCG GA AGA TCT
!J L L A E F G 工) V DC S YD L S P E D L
GA AGA AG邑ÅÅGTGGC GGA A 耶 ^CGCTCTG姐℃GT G AGA AGCG GA ACTAA且GT GACGAG
K E Iく V A ES D A L' I V 昆 S GT K V T A
∝込AGTY m AG T GG CG A 且(芯 G G AC m G AA AGTGGTCGG A AGAGC C∝汎GTT m T
E V F 冒 A A X G 良L K V V G 氏 A GV G エ
TG A C A A Tm A T m A GGCG G C G A CGG且 m GG 荘Ⅸ Ⅲ -rO3 T G芯 で T A A T GC CCA AC
D 珂 V D L Q A Å T E 冗 G C L V V N A P T
G m AATACGGlⅦ ごⅠ℃CTGCC GA ÅCA mX;AAT m T TTGCT m T A TG G⊂AC甘Ⅰ-A A
Å ZJ T V A 且 A E Ⅰi G I A L L AS H Å R N
C m C mGG C CGACGC m T BJLAGC C∝訊丸久 血 GhG GAGCAAGT ÅCGTCGG
V 且 Q Å D Å S I 冗A G K ”E R S K Y V G
TGrATCTCTCGTCGGiA Au Cer TGG C CrrC n TW T r rCGG G姐 AG℡ Ⅶ 且C 飽 田r
V S i V G 王く T L AV 凹 G F G王く V G T 氏 V
GGCGhG邑AGAGCロ岨A GG mAGG m C CGrl
l
r A T C I℃CCACG AC CCTTACGC ∝CAGC
A a a A Iく G L G Z4 T VI S F D P Y A P A
T GACA GAGC C A G Am TCGGrGTCGAT m A T rCG且 TC A AGCTATCTC CÅCCG C
D R 且 R A L G V DL. V S F D Q A I S T A
C GA T TCm TCCCT G C A C A Tq CTrrAACTC CGGCC且CC姐 且A 且G GでCTrCZLh CG邑CGA
D F V S L 甘 74 P L T P A T K K V F 甘 D E
A ACT m C TC TA AG m ÅG姐 A G G r G rCGT m T TAA TY F C C T llA GAGGTGG CCm T
T F S K ” K K G V A i I Z4V A R G GV I
CGACGA G打IG CA m G T AGAGCTCT GATGCC GGAA TCGT mGC TC AGG m GC A T r AGA
D 王: D A i V a A L D A GI V A Q A A L D
TGT m GTCihG G 且包CCACCAT CGÅA A G A T AGCA GACT A A m m TGA A A A TGrT AC
V F C E ≡: P P S K D S A i, I Q I寸 E ” V T
帆 C ACC T C AT m GAGCT AGCA⊂AA A AG 姐GCT℃AGCnAGG mrAGCCA m % GA T
V T P E L G 且 S T K E A Q I; G V AI E I
AGCAGC mT AGCAGGX芯CATTGAA AGG ÅGAGTTg mGC TACTGCCGTCA Al℃C工℃C
且 E Å V A G A L Iく G E L S A T A V N Å P
A且っ3GTG GCTCC m GG TCTm CTGZhGT TGLACTCCTTA T A T Tm AGCTGAGAA ∝T
凹 V A P E V i S I≡ L T P Y I V i A E K i
TG GGAC m AGCTGT C Am AGCA TCTGG AGGT A ÅGGAGT ACAGTCC ATr且G m
G R L Å V Q IJ A S G G K G V Q S I a V V
CTATC GGm GCTCGTGACC GA G ATGATT TGGZITACTAG且C で封:T I℃G訳 文且AワG 皿 C
Y R S A 氏 D R D D i D T a L i R A 凹 I T
AÅAGG GAATCAT m CC GA TCAGA T TCAT A TGrCA A C TrG m m mT
K G I I EP 工 S D S Y V” i V I寸 A D F I
ACXT A A ACÅ且AAGG Gm TT C CnlA T r AGTGAGGAC(ヨAA Tt3GTTYm T rCArrCAC⊂AGA
A K Q A G i R I SE E: A14 V V D S S P 玉:
GTACCCT m A T rCCATCCAAGTTC AGA m T m GT TAAAT nt:G e m
Y P V D S I Q V Q I i ” V E S” F A G A
m TC m TGCTGG n3AT A T A 且qTA T % 弧 ÅG m gr AC GGAGT TCCC n T rr
V S I〕A G D I S I E G KV E Y G V P F i
ÅACT rGT m GGATCATT rC mTGGATG?GAGCCTTGAAGGGA ATYT GATACTGT m G
T C V G S F G V D V S i E G tJ L ェ L C A
GC包AGT133A T C A A CCAGGG A T %m CAG m GT PLACE T AC m AGAA C A A A ACG訂
Q V D Q P G 凹 工 G Q V GN 工 L. G E Q t寸 V
G ÅÅ町G T Ci AA T I
'
TCATYn GTY m GAAGA ACAGT m GACKiA 且且CA.hGC GAT BJITGGCG AT
N V N F 凹 S V G a T V L a K Q A r H Å I
m G mTG AAGAÅ⊂CAGACA A C且A AACA m GAGGATTGGGGGT m TGCG且T
G V D E E P D F] 冗 T i, 耳 R I G G V S A I
TGA aGAG rn GT G m T I
I
A A AC TATAALA m G A m GT m T TGTGGでGT A m
E E F V F i A L *
AGAA TA A ACTC m CCCGGA T でA 且GG m A TCCAGTG GT TgrrA AGC m 迎 ∈払 A
T m m GCG AGCGAGTGrG m ATCTW ATTA TrAC且γ rGT Ter m T T rGCr
TTTIT A TGG T A TGT A A TGCC-I ｢ TGG T r A A TGTTA TGT m T m A BLAA TGCT T T TGCT
T ATAT mACGA:Tt3AC CG mAC
Figur e2･ Nu cle oti de a nd dedu ced a min o a cids equ enc e of CD N Aclo ne, C P G D H･5 fr o mA .
thaZia n a.
Seque nces which a(･e ho m ologo usto the P C Rpn m ersfわr co nstru ction ofthe expressio n vector ar e
underlined.
Upstrea mprl m er･ A B 3, 5
'
- C T A C A C∈出 迎 迫エロユ∈込王⊆玉造-3
-
･
, and 血w n strea mpn m er, A B4, 5
･
-
C A TG A C C A王 辿 -3
-
(Ge nBank ac cession n o. A B OO3280).
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Figure4 . Phyloge n etic tr ee of P G D Iipr otein s.
Thisphyloge n etictree c onstru ctedusingthePH Y LIP 3.57cpr ogra m(J. Fels enstein),indicatesthatP G D Hs
fro mArabidopsis, B. subtilis, Syn echo cystis sp., ratandhu ma nfor mafami lydistin ctfr o m otherbacteri al
andyeastP G D Hs. A bbreviations:ec, E. c olt(68), hi, Haell WPhilusinf7u eflZa (70); sc, Su chav myces
ceTle Visiae(U 18839);bs, B. subtilis(69);rn,Rattus n o rvegic us(71)･, sy,Syne cho cystis sp.(Sll1 908);hm ,
H･ s apie ns(A F OO6043);at, A. thalia na(this study).
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2.2.2. M ap ping Of Al
.
abidopsis P G D HGe n e
●
The CDN A clon e, C P G D H-5 w asus ed to scr ee nthe ArabidopsIS gen Omic libr aI7･
Among vario us clones, G P G D H
-17 w as s el cted fol･ further studies. The 7.1 kb
fragm entwhichc o versP G D Hstr ucturalge ne, andthe 5
'
- a nd 3' - na nkingr egi o ns are
prese nted in Fig･ 5 A･ An alysis ofgen o血 c a nd CD N Asequenc es, rev ealedthe pre s e n c e
oftw ointrons･ T he 丘rst a nd sec o nd intr ons arepo sitio nedat660-2517a nd 3007-3096,
l
･
e SPe Ctiv ely(Fig･ 5 A)･ Al 1ofthe ex o n/intr onju n ctio n sha v ethe c o nsensus G T/A G
splic edon o rand a c ceptor sites･ T he tr a n scriptionalstartsite ofthege n omic clo n e w as
determined using prim er e xte n sio n analysis (Fig･ 5 B)A A single m ajo rtraJIS C riptio nal
startpolnt W as CO nfil
･
m edtobelocated 38 bpbefo r ethetra nslatio nalstartsite. The A at
thetran script1 0 nalstart site is asslgn ated as ＋1 in Fig･ 5B･ An A T-rich s equ en c eis
lo c atedat -27to 13 4 bp withrespe ct tothetr a n s criptionalsta rt site(＋1), and apotential
C AATsequen c eisloc ated･aト79to -8 2 bp･
TheSouthel･n blotl･eSults a s sho w ninFig･ 6, s ugge st thatAnabidopsisP G D H is
a slngle- copy ge n e･ Upon digestio nwith BglII, Ec oRI, Ec oR V, Sa cI and Xbd[, s e v eral
bands were obs er v ed du e to the pres e n c e of se veralr e strictio n sites fo r the s e
e ndon ucle a sesinthe ge n omic stru ctur e･ TheAl･abidopsis P G D Hge n e was m appedto
the uppe r arm ofchro m o s o m e1, betw e e nthe m arke rsg378 6andg3829･
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AG
R Ⅹb
I
E
G G
Ⅹb
S S
1 kb
J J
E
CA A T
T ATA
TSP
(＋1)
Intro n1 Intr ol12
A?G TfA
- 82 - 7 9
TA AC C A A AC AA C T G T T C A A C T T A A T A C A T A A G T T G G T A G C C C A C A ATG T
- 3 4 - 2 7
GAA A G AT T A A T T A AAA C T C A T C C A T T A C C T C C T GT A AG C T C T A T AT A
T S P
十1
C C A C TT A G CT C T T C T G C AC AC A C T CA C A AC A A C CAA T C A TA TT T A T T A T
3 8
T AAAA A AZn G AG TCA TG GC ‥ ‥
B
Figure5･ Structu r e of PG DH gen e･
(A) Thepartialrestrictio n m ap ofthe P G D Hgen o mic regio n. Open barsindic ate5
'
- a nd 3' - untranslated
regions･ Solid bar sindic ate open readingfram e(O R F). Thetrans criptio nalstarting pointCTS P) andthe
tra nslatio n alinitiatio n(A T G)andte min atio n(TA A)c odons areindicated by a 汀O W S. Theposition s oftw o
introns ar eals oindic ated･ A bbreviatio ns ofrestrictio n e n野 m eS are aSfollo wed: E, EcoRI;X b, X bd[; R,
EcoR V;B, BamHI;G, BglII;S, SacI･
(B)Ge n omic sequen ce of P G D Hat the pro m oterr egio n, T SP is n boldface. Thetranslatio n alstartc odon
(A T G)isdouble-u nderlin ed. The sequen ce ofthe CD N Aclo ne, C P G D H-5,is u nderlined. T hefulln ucleotide
Sequence ofge n o mic clone w a sdeposited in Ge nBa nk(Ac cessio nNo:AB OIO407).
2 0
kb
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Figure6. So uthe r nblot a n alysis of PGI)H .
Ge no mic D NA w as extracted fr o mthele av es of3- e ek- oldseedlings･ For e verylan e,abo ut5p gofgen omic
D N Aw asdigested wi一l- I
.
e Strictio n e nzym e,s eparated by electr opboresi througll a0.8 %(w/v)agaros egel,
traJISferredto aHybo ndN
'
m e mbraJle(Am ersha m), a ndthe nhybri dized with3
2
p-labelled C P G D H-5. The
fin alw ashing w as perbr m ed in O･lxSS P E, 0.1 % S D Sat65
oC for10min.
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2.2.3. Subcellular Localiz ation of Ar abidopsis P G D ‡‡
The60amin oacid leade rs equ encee xhibitsthege n e ral fe atu re sof a tr a n sitPePtidefo r
tl･a n SPO rtatio n ofprotein to plastid･ It starts with MeトA h, rich in hydroxylated amin o
acids, Se r a nd T hr(19/60);and s mall hydl
.
OPhobic a血 n o acids, Ala a nd Val(13/60);is
es se ntiallydeficie ntin acidic amino acids, Asp and Glu(I/60), a nd has a n etpo sitive
charge(pI=11･5)･ Pr edictio nby the P S O R Tprogr am (Ge n omeN E Ts ervice, Os aka
Univ ersity)suggested its lo caliz atio nin chloropla sts･ T he rec o mbin antfusio nprotein
CP G D H- G F P
,
c ontaini ngthe N -terminal 82amin o acids fus ed with GFP, c o uld be
dete cted inintact tis s u e saftel･ Clelivel･1 ngthe co n structsinto ArabidolNisle avesby pal
･ticle
gu nbo mbardm ent･ T he obs er v ed sign alsin 也e con struct c o ntain l ng 也e pr edicted N-
terminaltr an sitpeptide ofP G D H fr o mAntzbidopsis(Fig. 7B) w e re si mi la rto tho s e
exhibited bytr an sitpeptide ofthe ribulo s e-1,5-bispho sphate s m alls ub mitpolypeptide
carbo xylas e of A7
･
abidopsis(82)(Fig1 7 A)which w as alre adykn o w ntobe suffic entfor
tl'a nSloc atio ninto chlo r oplasts (83). Thes e results co nfir m ed that the N -te rminal
sequen c eof Al
･
abidopsis PGDH is s ufficentfol
･ tran Sloc atio n ofpas sengerpr oteininto
cblo r oplasts, a ndthu sP G D H is aplastidicpr otein ･
22
Figu r e7･ Orga n elle loc ali2:atio n of PGD H t}y I.sills GF P a s r eporter pr otein ･
panicle gun bo mbardm e nt with chim eric G F Pfusio ngenesw a s c a rried otlt tO tr anSform 3-w eek-old
Arabidopsi5 S e edlings･ After20 h in c ubatio n u rLderillumin atio n, fluore sc e nc e w a s obse rv ed a s血s cri bedin
Materials alld Method. B出 = l o pm .
(A) 35Sf2- T P- SGF P(S65T) (83), c arying tr an sit pepti血s equen ce obtain ed fro m the ri bulos e-1,5-
bispho sphate c arbo xylasesm al ls ubu nitpoly peptide ofAr abidopsis(82), w a s us edasa positl V e C O ntrOl for
chlo ropla sttr ansl∝ atio n,
(B)CPGD H-GF P. A 2 461bp P C R-a mpli丘ed 血 gm ent e n coding_
N-termin al 82 r esidues ofPG DIi 丘o m
AJ血iゐpsls wa s s ubclo ned intoplasmi dCaM V35S-SG F P(S65T)-N O S 3
'
t o afford CPGD HI G F P･ The
flu o re sc e n c epattern of C P G D H-GF Pw as the sa me asthe
p
chlor oplastic contr olof 35Sf21TP-SGF P(S65 T),
indic ati ngthe ability of N
-te minalreglO n OfPGD H fortransloc?lio ninto chloroplasts.
2.2.4. Bio chemical C ha r a cteri2:atio n of AT･ abidopsis PGI) a
T he ide ntiy of the isolated CD N A, C P GDfI-5 w as c o n{lrm ed by s u c c e s sfu l
c o mplern e ntatio n of E･ c oltserin e- a u x otr ophic m uta ntlack ingP G D E lo c u sSe rb Muta nt
E. c olix53 6(67)c ells w aretra nsfo rm ed with the e xpres sion plasmi d, PP G D H- A B 14,in
whichthe e xpres sion of P G D HCD N A is regulated bythelu Zpro m ote r･ Tr an sfo rm a nts
c o uldgro won the M 9 min malm ediu m inthe abse n c e ofs erine, whe re a s, the pT V l18N
tra nsfor m ed E. c oltx536cells c o uldn otgr o w witho utsupple m e ntatio n ofserin e(Fill 8),
Thisindic ate sthe a uthe nticltyOf C P G D H T
-5 e n codingthe fun ctio nal P GDH･
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pT V 118N
x53 6/
pP G D H
-
A B 1 4
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pT V l1 8 N
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pP G D H-
A B 14
M 9plate ＋Ser M 9plate
Figure81 Fu n ctio n al c o mple m e ntatio n of s e rA
-
E. c oltx536.
E･ colix536(H 丘OR l 1glu V42l- Se7＋241 3T3r)(68)cells w ere tr ansfor med with the expres sion ve c to r
PP G D H-A B14c血Tylng C P G D 臥5or with the e mpty vector pTVl18 Nas a negative co ntrol. The
b
-
a n sfor m ed bacteria w ere c ulturedo nM 9minim a agarplates withl.0 mg/mLserine(left)or witho uts erine
(right).
Re co mbin ant P G D Hw as overprodu c ed in E. c olt A D494cells using a
pET32a(＋) v e ctor syste m with a strong pro m oter. T he rec o mbina nt pr otein w a s
visualiz ed on S D S-P A G Egel as the expe cted 9 0 k Da re c o mb inantprotein in the
in s olublefractio n ofc rude e xtracta s aninactiv eform ･ Ho weve r
, produ ctio n of P G D H in
the s oluble fra ctio n w asto olo w to be vis ualiz ed by S D S-P A G E･ Ne v erthele s s, the
s oluble-form pr otein e xhibited P G D Ha ctivityof 0.14±0. 1um ole/min/mg ofpr oteinin
thephysiological dire ction, o xidiz ng3P G Ato3P H P; and lO･ 95±1･36LL m Ole/ min/mgof
pr oteininthe oppo sitedir e ctio n, r edu cing3P H Pto3P G A･
工わuble re cipr o c alplots oftheinitialr ates data de m o n strated Km values of O･35
24
arld 0. 12m M for3P H Pand N A D H, 1
.
eSPe Ctively, atpH 7.1. The activityw asinhibited
by3P H P(cat 90LLM)as r eported for the r at enzym e(71). Thisinhibiton c o uld be
rele a sed byloo-400m M K Cl･ K m valu e sfor3PG Aand N A D
'
w erel.19m M andO, 01
m M, r espe ctiv ely, atpH 9･ 0･ Se r, Thr, Ⅴal, Gly, Trp, 0-a cetyl- ♭ser and Cys(in the
range of 5to50m M)hadn o effecto nthe r ate ofre a ctions.
2.2.5. Ge n eExpr e s sio n of Arabidopsis PGDH
The mR N Aabundan c e of P G D Hw a sex amined inleaf andr o ot tis s u e s of light-gr o w n
and dark-tre atedpla nts･ The highe stle velof P G D HmR N Ae xpression w as obs erv ed in
light-gro w nr oot tis sue s(Fig･ 9 A)･ It w as appr o ximatelytw o- to three-fold higherthan
the 血R N Aexpres sion in dark-gr o wn ro ot and le aftis s ues. A min or am o unt of mRN A
expres sio n(c a･ 1/15ofr o otinlight) w a sdete ctedinthelight-grow nle aftis s ues. T he
preferentiale xpr es sion of P G D H in ro ot tis su es of light-grow n plants w a sin c o ntr a st
withthe expres sion patter n exhibited byH -pr otein(a c o mpo n e ntprotein ofGIX:) (32),
and S H M r(35), which ac cu m ulatedprim arilyinthelight-gro w nle aftis s u es(Fig. 9, B
and C)I Thes eR N A blot analyses s uggestedthat the regulatio n ofthe P G D Hgeneis
m ainlye x e rted atthele v eloftranscrlPtl On Orbystabilityof m R N A･
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Figure9･ No rthe rn a nalysis of PG D H m R N A fro m diffe rent tiss u es of Arabidopsis
s eedlings.
Te nLLg oftotal R N Aw as separated uncbr 血1aturingc onditions o n aI.2 %(w/v)agaros eglc ontaining
forn aldehyde, a ndtransferredto aHybond N
'
m e mbran e, andthe nprobed with a
32p-labelledCD N AClon e.
T hefin alw ashing w asperfbrm edin O･1xS SP E, 0･1 % S D Sat65
oC for10 min･ Leftpan els, R N A blot
results;rightpa nels,r elativ e mR N Aabunda nce n o m alizedwiththe 瓜N Ae xpressiondata as a c o ntrol.(A)
sho w sthe prefere ntialexpr ession of P G D Hm R N A in r o ot tiss ues oflight-gro w npla nts . In(B)and(C),
preferentialm R N Aexpressio nsforH-pr otein of G D Cand S H M T, w e re obs erved inleaftiss ues of lighト
gro wnpla nts, altho ugh a m u ch lo w er a m o u ntofe xpression w as als odetectedin dark-h
･
e atedleaftiss u es.
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2. 3. D is c u s sion
T hisisthe flr Stin vestigatio n o nthe m olecular characte rizado n ofpla ntP G D=, akey
enzym e c omitted to the e ntry step of the phospho rylated pathw ay of s erine
bio synthesis･
2･ 3･1･ Ar abidopsis PGDⅢ Is Clo s ely Related to lts Co tl nte rP artS fr om B.
s ubtilis) Syn echo cystis sp･ a nd Ma mm als
The is olated CDN A c o ntains a n ope n re ading 丘
･
am e e nc oding 也e entire P G D H
polypeptide of A･ thalim l a･ Thededu c edprotein witha m olecular m as s of 66,453Da,
sharingthethr e e-dim e nsionalstru ctur e ofthe E･ c olten zym e(75), are c ompo s edbmlree
distinct do main s: a n u cle otide-binding dom ain, a substrate-binding domain and a
regulatorydom ain o r a s erin ebindingdo mainin eachsubu nit ofthetetr ame rlCProtein of
P G D H･ The m ain c o ntactpointsbetw e enthe s ubu nits ar e at thele v elof 血e coenzym e-
b in dingdo main s andthe regulatorydo main s, indic atingtheimportan ce of these z on es
fortetr am eriz ation ･ The deduc ed amin o a cids equ en c ehashighsimi 1arityto eukaryote s
(hu m an and rat), but n ot ye ast･ Surprisingly, the nu cle otide- and s ubstrate-binding
do mains of B
･ subtilis P G D He xhibit m o resi mi 1aritywiththe e ukaryotic e nzym es than
to otherba cte rial PGDH e n zym es(E･ coliand Hm nwphilu sinflu e nza), whe re as the
ye ast enzym eis clo s er to thelatter･ This s uggests that ther eare tw odifferent type s of
P G DH that m ay ha v e e volved fr o mits orlgln befo rediv erglng tO eukaryote s
r
and
pr okaryote s, The three m o st c o Ⅱ - o n r egi o n sin the N A D-depende nト2-hydro xya cid
dehydroge n a sefa mi lyare c o n s e rvd inArabidopsisP G D H･
2･3･2･ PGD H Is Pla stidic Ta rgeted
Align m e nt ofthe Anabidopsis P G D Hwith ba cterial, ye ast and m a mmalseque nce s
reveals也epres enc eof apr e s eque nc e, pres um ablytargetlngthe nu cle ar e n c odedprotein
27
to the chlo r opla sts/pla stids･ The e ss ential co m m on featu res of the chloroplast
pres equ e n c e a reexhibited bythefirst60 deducedamin o a cidresidu es at the N -termin u s.
加 m o n stratio n ofthe targetlng Of CP G D H- GFP fu sion proteinintole af chloroplasts
co nfir medthatP G D H is aplastidicpr otein･ P G D H ha sbe e ndetected intheproplastids
ofsoybe an(73, 84), andthere m ay be an extrachlo roplastic form to o(73). Ho w ev el･ ,
So uthe rnblot analysis a nd R F L Presults co nfirm edthatArabidopsis P G D H is a slngle-
c opy ge n ethatis n appedto the uppe r arm of chr o m o s o me 1, 2･3 cM belo w m arker
g3 786･
2.3.3. A r abidopsis PGD H Is Co ntr olled at the mR N A Le v el
T he mR N Aof P G D H isprefe rentiallye xpres sed in r o ots, simi lartothatof P SAT, being
the subsequ e ntenzym e of 血epho sphorylatedpathw ay(85, 86). Conv ers ely, the mR N A
abundan c e of H-pr otein of G D Cand S H M T, w hich are both responsible fo r the
photore spir atory pathw ay, in le a v es of light-grow n plantsfar e x c e ed d e xpr essio nin
r oots ordark-gro wnleav es. The refore, thepho sphorylatedpathw ay m aytake o v er asthe
m ajor ro ute Ofs e rin ebio syntheticpathw ayin bothn o n-gr e e ntis su es as wella sin gree n
tiss u e sinthedark Ⅵ′be nぬephoto re spiratio nrateislo w.
Low e r e n zym eactivities of P G D H in thephysiologic aユdir ectionc o mpar ed with
the n o n-physiologic al dir e ction w ere als or eported bySla ughter and Davie s(72)under
the indicated c o nditon･ T hey r eported thatpe aP G D Ⅲ. w a sinhibited by serine but
bec am epr ogr es siv elyles s s e n sitive a sthe pu rific atio nprogr es sed･ How e v er, La rs s o n
a nd Al berts s o n(73)c o uldnotfindserine or3-pho spho serineinhibitio n of the en zym ein
spln a Ch chlo r opla ste xtr a cts･ Our res ults c onc u r withtho se of Lars s on a nd Al be rts s on
(73)i. e. serin edo e s n ot sho w anyinhibition effe ct on the enzym e a ctivities･ Henc e,
s erin ele vels are unlikelyto m odulatethe metaboliteflu x ofthepathw aylfr o m3P G Ato
serin ethro ugh e nzyme a ctivitie s･ The regulation of P G D H is mainly exerted at thele v el
28
oftra n s criptlOn O rbystabilityof P G D HmR N A.
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eM 鹿野苛監閑3
C H A P T 丑RT H R E E
M OL E CUL A RCLO NING A N I)C Ⅰ‡A R ACT E RI Z A TION O F
3･ PI‡O SP ⅢO SE R INE A M INOT RANSF E R ASE (P S A T)
A bstra ct
ACD N Ae nc oding plastidic 3-pho spho s erin e aminotr a n sfer ase(PS A T)which c atalyz e s
the for matio n of 3-pho spho se rin efrom 3P H P has be en is olated fro m A. thalim la.
Ge nomic D N A blot analysisindic atedthat this ge n eis m o stprobably e nc oded by a
single- copy gene, and itis m apped o nthelo w er a r m of chro m os o m e4. The dedu c ed
pr otein c o ntain sN -termin ale xte n sio n exhibitngthegeneral fe atu r es ofaplastidictr a n sit
peptide, which w a s c onfirm ed by subcellulal
.
O rganellelo c aliz atio n u sing G F P( Been
空1uore s c e n c e里rotein). End-pr odu ctinhibition for the enzym e a ctivityby serin eis not
in v olv ed inthe regulatio n of ArabidopsisP S A T. W estern analysis re vealed accu m ulatio n
ofproteinin bothr oot and le aftis su es of light-gro wn plants･ Ⅰ mm u nolo calization results
dem onstrated ac c u m ulatio n of P SATpr oteinin the stele, espe ciallyinthe cells a s s o ciated
withⅩyle m･ In situ hybridiz atio n analysis of P S A Tre v ealedthat the ge neis ge n erally
expres sed in alltype s ofcells withsignific antlyhigher amo u ntin meriste mtissue ofro ot
tips･ No rthern analysis sho w ed pr efere ntiale xpres sio n of P S A T in ro otfro m light
-
gro wn plants, s upportlng the ide athat the pho spho rylated pathw ay m ay play . an
impo rtant role in s upplying the serin e requ ir e m e nt Of plants in n o n
-photo synthetic
tiss u e s.
3 0
3.1. Intr odu ctio m
3-Phospho s eiine amin otransfer ase(P S A T) (E C. 2.6. 1.5 2), the sec o nd enzymeinthe
pho sphorylated pathw ay of s erin ebio synthesis, c at
･alyz es the trans aminatio n from
glutamateto α
-ketoglutar ateyielding3-pho spho se rin efr o m3P H P･
PlantP S A T ha s aproplastid lo caliz atio n(3 1)･ 3-P ho spho serine w a sreportedas a
major amin oa cidprodu c ed inphoto synthe sizingchloropla sts andthe reispo s sibilitythat
this c o mpo undr epr e s e nts apho spborylated a nd a min atedc arbo n s o u rc etothe cytoplas m
(87),
The m olecular w eightreported forP S ATproteinfrom s oybe an w a s85 k Da(88).
Lu nd et al. (89)pu rified and studiedthepr opertiesof P S A T fro mbo vin eliv er andthey
reported P S A T is adim erof 2s ubunits with identicalm olec ular w eightof 43 kDa･ In the
r ec entyear s, Stolz and D 6r n e m ann(23)ha v e s eque nced andcharacterized 18 N-te rminal
amin o a cids fr o m ofthe P S A Tprotein ofthe green alga, Sc e n edesm u sobliqu LLS; and
Saito etal.(85)ha v eis olatedthefirstCD N Ae n c odingP S A T fro m spinach.
Under n ormalc o ndito n s
,
o nly mino rP S A Tactivities c an be measured inthe
le a v e s of spinach(1, 73), whileintis s u e s as s o ciated with rapidc ellpr olife ratio n e･ g･
s eed le a ves
,
apicalm eriste m ofpe a(27) and r o ot tis sue s of s oybe an and lupin (31),
considerable am o u nts of P S A Tc o uldbe determined. Stolz and D6r ne man n(23)w er e
als o able to dete ct high P S A Tactivityin a Sc e n edesm us mutant with lo w
photo re spir ato ry a ctivityu nder n orm al C O2 C O ndito n, andfrom which de v elopm e ntstate
w as c o mpar ableto tis s ues withr apidcellpr olifer ation･ T herefo re, the pho sphol
･
ylated
pathw ayenzym e, P S A T, m aybeimporta ntfol
･
S erine bio synthesisin l
･
aPidproliferatlng
tis su es wher ethe reis ahighrequlre me nt Ofserine･
pre vio u sr eports(90-92)sho wedthefo r m ation of 3-[
32p]pho spho s el
･inefr o m3-
[
32p]p G A by the extracts of etiolated pea
-epicoty1s･ Preferential PS A TmR N A
expres sio nin the ro ot tis sue s a nd etiolated pla nts als osugge sted its pos sible role in
pro viding serュn eto non -photosynthetic tis su es(85)･ P S A Tw asnらt detected in pea
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c otyledo n s(1)I
In S･ ･cerevisia e, PS A Ttl
･
a n S C rlPtio nis regulatedbythegene ralc o ntl
･
01 ofamin o
acidbio synthesis m ediated by G C N 4(5). Furtherm o re, thereis e vidence fo r an
additonalregulation byserine e ndpl
.
Oductrepre ssio n(5). E. c olt(93)ands oybe a n(88)
P SA Tactivities w er e n otinhibited bys erin e,in c o ntrast to spln a ChP SAT which sho w ed
a n on -lin e arkineticsinhibitionbyse rin e(73).
Inthis chapter, m ole c ularclonlng, bio che血 c alcharacteriz ation and expre s sion,
as w ella sim m unolo caliz atio n a nd in situ hybridiz atio n of PS A T in A. Lhalim la ar e
reported･
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3. 2. Re s ults
3･2･1･ Is olatio n a ndSequ e n c e of a CD NA Encoding PSA Tof Arabidopsis
TheE S Ts clo n eF A FL52, whichsho w s55-67% ho m ologytobacterialandyeastP S A T
pr oteins, w asus edto s cre e n a whole plantArabidopsISCD N A libra ry･ Amo ngthe 4
po sitiv e clo n e s s ele cted fo rfu rthe r studies, CP S A T-5 w as sho w nto c o ntainthelargest
CDN A ins e rt(l･7 kb)･ The nu cleotides eque n ce ofthe CD N Aandthededu ced amino a cid
sequ e n c e oftheprotein aresho w ninFig･ 10･ Sequ en c e analysis r e v e aldthepres e n c e of
a n open re adingfr am e which is 1290n u cleotides. T hededuc ed 430amino a cids en code
P S A Twith a m ole c ular w eightof 47,359 Da･ T hefirstA T Gtripletisdesignated asthe
tr an slatiわn start site
,
bec ause the s u rrou nding s eque nc e(A A T C迎 G C)agre s w ell
withthefa v ou red s equ enc e(A A C A迎 G C)nankingthe c o n s e ns u sf n ctionalplant-
initiator c odo n(80)･ Fu rther m or e, an in -fram e stop c odon is fo u nd 5lnu cle otide s
upstre am ofthetr an slatio n startMetin the CD N As eque n c e, a ndpri mer exte nsion res ult
confir m ed the abov eas su mption(s eelater)I The CD N Asequ e nc e showsthepre s ence of
a3' - u ntr 皿 Slated r egl O n Of 189 nu cleotides dow nstream ofthetranslation stop c odon･
Thepolyade nylation slgnal is m o stlikelythe A A T A A Tm otif lo c ated 105nu cle otides
do w n str e amfr o mthe tr an slatio n stop c odon. The dedu c ed amino acids equ ence shares
34171 % ho m ologywiththo sefro mbacterial, yea st and spinach P S A Ts(Fig･ 11). Both
the sign ature sequ e nce of PSA Tprotein s(94) and the con serv ed sequ e n ce m otif
in v olvingthepyrido xal-pho sphatebindinglyslne Sitefo u nd in Clas sV aminotransfera s e
(95)ar e c o n se rved in Arabidopsis P S A T. A phylogenetic tre e(Fig. 12)indicate sthat
P S A Tsfr o mA nabidopsISandsplnaCh for m afami lydistin ctfr om ba cte rial and animal
P S A Ts.
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Figure10. NtlCle otide a nd dedu c ed a min o a cids equ e n ce of C P S A T･ 5.
Seque nces which areho m ologo us withthe P C Rpri m ers fbr the co nstructio n ofexpression v ector ar e
u ndedin ed.
Upstre a mpri m er:A B 1, 5
.
- G T C T A C C A T G G G C T C C G T C G G A T C C C A A G-3la nd
do w n strea mprl m er:A B 2, 5
'
- C A C G T C CA m T-3
'
･
The Ge nBankacc essio n n u mberis D 88541.
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Figure12. P hylogenetic tr e of P S A Tpr otein s.
Thephyloge netictree co nstru cted usingtheP H Y LIP 3.57c progra m(I. Felse nstein),indicatesthatPS A Ts
丘o mAlt7bid?psis andspin ach for m afami lydistinct 舟o mbacteri al, yeast a ndanirnal P S A Ts･ Y E A S T,
PS A T fro mS. c erevisiae(94);H A EIN,'H. t
'
njlue nza(70);S A L G L, Salm on ellagallin arum (99);EC OLI,
E. c olt(96);Y E R C N, YeTSinia en teTD C Olitica(100);R A B B rr, 0. c u niculus(97);S PNA C H, S･ olen3Ce a
(85);BA C CIR, B. circ ulans(98);A R A BID O PSIS, A. thaliana(thepreserltStudy).
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3.2.2･ Gen?mic Clo ning a ndSequen ce An alysis of PSA T
on s c re占hlng the ArabidopsIS genOmic library with CP SAT-5, 2 positiv e clo n e s,
GP S A T-28a nd G P SA T-45, w ere selected forfurther a n alys is. The 5 kb fragment,
which c o ve rspart of PSA Tstr u cturalgene andthe upstre am r egl On, W a sis olated fro m
clo n eG P S A T-45and sequ e nc ed whereas the1.I kb fr agm e nt whichc o v ers the rest of
the structur alge n ea ndthe 3
-
regl O n, W a sis olated 丘
.
o m G P S A T-28･ Comparis on ofthis
sequenc e withthe CD N As eque nc e of C P S A T-5 r e vealed no intro nis pres entin the
c o°ing region of P S A Tge n e(Fig･ 13 A)･ T hetr ancriptio n alstart site w a s n apped by
uslng prl m e r exten sio n a nd is as slgn atedas ＋1 inFig･ 13B･ A singletran scrlptlOnalstart
siteislocatedat171 bpbefor ethetr an slatio n startsite. An A T-richsequ en ceisloc ated at
-12to -22and apotential C A A Tsequ e n c e at
-94to -97(Fig･ 13 B)A
So uthernblot analysis w as u s edto estim atethe n u mber ofgen es e n c odingP S A T
in A71abidopsis. Arabidops ISgen Omic D NA digested with six restrictio n e ndon uclea s e s
w as fra ctio nated o n an a
･
gar ose gel･ So uthe rnblot w a spr obed with the
32p-labelled
P S A TCD N A. The re s ult as show nin Fig. 14, re v ealedthat a slngle major fragm e nt
hybridized upon digestion with EcoR V, SacI and X baI･ How e v e r, upon digestio nby
B a nHI, BgLIIand Ec oRI, se v eral bands w ereobs erv ed･ T he appear anc e ofthe stro ng
bandsis due to the pr ese n c eof sev eralre striction sites for the e ndon ucleasesin the
ge nomic sequen c e, whereasthe w e ak signals obse rv ed ar e m ostprobably due to the
pr es e n c e ofps eudo gen es or 皿 Otberis oform of P S A T･ hes e re s ult s ugge stedthat
ArabidopsIS c o ntain sa slnglegen ec o rr espondingtotheis olated cD N Aandafew related
s eqりe nC e Sho m ologo u sto the CD N A inthe ge n om e･ Usingthe10･5kbfragm e ntfro m
GP S A T-45aspr obefor analysュs, the AnabidopsisP S A Tgene w as m appedtothelo w er
pa rtofchr o m o s o m e4･
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AX b E E X b E V S B X hSp
T S P
＋1
T A T A
C A A T
1 kb
L J %
ATG
＋
T AG
A
A T T TGA T C TGT A A C A A G T C T T T C T T T TAT G A A T CTC A G C A A T A A A A T T
- 9 7 - 9 4
C T C T T A T A C C A A T C A T A T T T T T T G T C A A T A G T T A C A G A T T C A T A G A A T A T
G T A T G A T A T A A G G A T G A G A G T T T T G A T T T G A A C T C T T T T T C T T C T A CA C
- 2 2 - 1 2 T S P(＋1)
T T T A A A T A A A A C A C A T T G G A A ATG A GTCT T A ACT A T A C T A AC C C G C A G A
CA A A ACT A G T A C C A C C T A A C A C A A A C G C T G T C G T T T T C A A G C T A C A T T T A
T A T A T C T C C C A C C A A C T CTT T C T C A G ATC T T T T G T C T A A G T A A A A G C G A A
A A G G G C A A C A A A C A A A A A T A A A C T C G G A G A A T C T C A C A A CA A T CT G G.
Figur e13. Stru ctu re of P S A T Ge n e･
(A)T hepartialrestrictio n m apofP S A Tgenomicregio n･ Ope nbarsindicate5
'
- a nd3
'
- untr a n slatedregio ns･
Solidthick bar sindicate ope n reading fra m e(O R F)･ The transcriptio n al st打ting point (TS P); the
tran slatio nal in tiatio n(ATG)andter min.atio n(T A A)coわ ns areindicated byarr ow s･ A bbreviatio ns:E,
EcoRI;B, Ba mHI
･
,
V
, EcoRV;S, SpeI;Sp, SphI
.
, X b, XbaI;X h, X hoI･
(B)Geno mic sequenc e ofPS A Tatthepro m oter regio n･ TS P is nboldfac e･Translation alstart cod n(A T G)
is 血 uble- u nderlined. T he CD N Asequenc eis u nderlined･ Thefulln ucle otide seque nce o･rge nomic clo ne w as
deposited in Ge nBa nk(Accession No:A B OIO408)･
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Figure14. Sollthe r mblot a n alysis of P S A T.
Ge n o mic D N Aw as e xtracted fr o m theleav esof3- w e ek101dse edlings･For e veryla ne,abo ut5ofトLg ge n O mic
D N Aw asdigested withrestrictio n e nzym e,s eparated by electr ophoresithrotlgha0.8 %(w/v)agarosegl,
tr an sferredto aHybond N
'
m e mbran e(Am ersham), a ndthe nhybridized with32p-labelled C P S A T-5. The
finalw ashing w asperfor m ed in 0.1 x S SP E, 0.1% S D Sat65
oC for 10 min.
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3.2.3. Bio che mic al C hara cterizatio n of Rec o mbin a nt P S A T
T he60'min
'
o a cid le ader sequ enc e exhibitsthe gen eral featur es oftra n sitpeptide for
transpo rtatio n ofprotein to plastid･ It starts with Met- Ala, rich in hydroxylated amino
acids
,
Se r and Thr(16/60); ands mall hydrophobic amino acids, Ala and Val(12/60);is
e ss entially deficie ntin acidic amin o a cids, Asp and G lu(1/60); and has a n etpo sitiv e
charge (pI=10･7)･ Prediction by P S O R Tprogram (Geno m eNet s er vice, Os aka
Univ ersity)sugge sted itslo c aliz ationinthe str o m a ofthe chloroplasts.
The fu sion protein of CP S A T- G F P(gre e n至1u or es c e n c空rotein) c o uld be
dete cted in inta ct tis sues afte rdeliv eringthe co n stru ctsintoArabidopsisleav e sby particle
gu nborhbardm e nt･ Direct visualiz atio n of G FP in chlo r oplasts of le aftis s u esfacilitated
the study ofthefunctio n ofthe pr edictedtransitPePtide･ The obser v ed signalsin both
c o n stru cts c o ntaining the pr edicted tr an sitpeptide s of P S A T fro m A mln
'
dopsis (Fig.
15B) and spinach(8 5) (data n ot show n), w ere si mi 1ar to those ej(hibited by tr an sit
peptide of the ribulo se - 1,5-b
･
ispho sphate c arbo xyla s e s malls ubunit polypeptide of
Anabidopsis(82) (Fig. 15 A)which w as alr e adyknow ntobe suffic e ntfortr a n slo c atio n
to chlo r oplasts (83)I Thes e res ults c o nfirm ed that the N -terminal sequ enc e of
ArabidopsIS and spin a ch P S A Ts ar e s uffic e ntfortr anslo caliz ation ofpa ss enge rprotein
into chlor opla sts, andthustheplantPSATs arepla stidicpr oteins･
4 0
I
Figure15. Organ elle Io c aliz atio n of P S A T hy usillg GF P as reporte r pr otein ･
Particlegu nboTr)bELrdm e nt w a s c a rried out by using HeliosGene-Gun system , at pre s s u re100p･s ･i･ [ o
transfo r m3- we ek- old Arabz
'
dopsiss e edlings. A 228 bp(dashed-1irlein Fig. 1 1)P C R- a mplified fragm ent of
PSA Tfro m AJ血iLbpsis wa s subclo n edin(o pla s mid CaM V 3 5 S
-SGF P(S65 T)-N O S3
'
･ The 35Sf2-T PI
SGFP(S 65T)c ons tru ct, c arrying transit pepti血 sequenc e obtained 丘o m tbe ribulose-1,5- bispho sphate
c a rbo xylase sm allsubu nitpoly pe ptide of Arabidops ,
'
s(82)w as used as a positiv e c o n(rol一 Bar= 100lLm ･
(A)Flu o re s c e n c e signalpatern e xhibited by35S Q-T P-SGF P(S 65T), which w askn ow n to be targetedto
chloroplasts(83).
@ )Flu ores cen sign alpatte rnexhibited by CPSA T- G FP ofAr abE
'
dopsis(this study).
'
m e ide ntityof dieis olated CD N A, C P S A T-5 w as c on{lr m ed by s u c c e s sful
c o mple m e ntatio nofa s erin e-au xo trophic m uta ntla ckingPS A T lo c u sSe rC･ T he m utantE･
c olt K L 28 2(to nA 22, phoA 4(Am), (s eTS 14, s e rC1 6), s eTS 1 3, o mpF 62 7, s upD 32
(s e rUI32),AreL41, pitl O, spoTl, T2R) (10 1)c ells w e retr ansfo r m ed with an e xpre s sio n
plasmid, PP S A T- A B 13 T S, in whicb 血e e xpre s sio n of P S A TCD N A is r egulated bythe
lL WZpro m ote r･ Tr an sfo r m a nts c o uldgro w o nthe M 9 min m alm ediu min the abs ence of
s erin e
,
w her e a sthe pT V l18 Ntran sfo r m ed E. c olt K L 28 2cells c o uldn otgrow witho ut
s upple m e ntatio n of s erin e(Fig. 16), indic a(ing a uthe nticityof C P S A T15 e n c oding the
functional P S A T.
The r ec o mbinantP S A Tw as over e xpr e ss ed in E･ c olt A D 494 u sing apE T32a(＋)
v e cto r syste m with a stro ngT7pro m oter･ The His-tag ged P S A Tprotein w aspuri fied by
using H is-B in d
R
pu rific atio n c olu IT m. En zym e a ctivityw as n otdete cted in the pu rified
protein which w as o rlgl n ated fro m thein s oluble a nd in a ctiv efo r m. Expre s sion of P S A T
in s olublefor m w asto olo wtobe vis ualiz ed by u s lngS D SIP A G E, ho w ever,ite xhibited
41
K L282/
PP S A T-
AB13 T S
K L 282/
pT V l18 N
K L282/
PP S A T-
A B 13 TS
K L 282/
pTV l18 N
M9plate ＋ Serin e ■ M9plate
Figure1 6. Ftl n Ctio nal c o mple m entatio n of s erC
'
E. c olt KL28 2.
Fun ctio nalco mple m e ntation of serC
-
E. colt K L282 by tr an s氏)rm ation with the expressio n v ector
PPS A T-A B13 TSc aHylng C P S A T-5. pT Vl 18 N is the e mptyv ector us ed as a negative co ntrol. The
b.a n sform ed bacteria w ere c ultu redo nM 9minim alagarplateswith1.0 mg/mLserin e(leftplate)or witho ut
serin e(rightplate)s upplem e ntation at30
oC.
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PS A Ta ctivity of O･7 2±0･15トLm Ole/min/mg ofcrude protein. Specific a ctivity of PSA T
o v er e xpre sed in E･ colt B L21u slng PE T3dv ector system without anytaggedprotein
w as als oinv e stigated･ The protein in the c rude extr act exhibited higher activity
(1･54±0･ 1LL mOle/ min/mg of c r ude protein)than the ov erpr odu c edpr otein in E. coli
A D 494/pE T3 2a(十)system ･ Ⅷ e r ec o mbina ntprotein wa s vis ualized as a41 k Dapr otein
byS D S
-P A G E(Fig･ 17). The PS A Te xpre s sed w astm nc atedto re m ove60 amin o acid
re sidu e s ofputativ etr an sitPePtidefr om thefull-le ngth deduced open re adingfr am e, yet
it w a s c atlytical1ya ctiv e.
The K
m
values fo r glut am ate a nd 3P HP w ere dete rmin ed by u sing th･e
o v ere xpr e s s ed cr ude pr otein s of P S A T fr o mArabidopsis and spina ch in E･ coli
B L 21/pE T3dsystem ･ 工わuble re cIPrOCalplots oftheinitialr ate sdata de m o n str ated Km
valu esfo rthe Arabidopsis P S A Tof70 トLM and 5 m M forglutam ate and 3P H P,
respe ctiv ely; and forthe spln aCh P S A Tof 150トLM and 3mM forgluta m ate and 3P H P,
respe ctively･ In the r a nge of 5to 50m M, Ser, Thr, Val, Gly, Trp and 0-a c etyl- L Ser,
had n o e飴 ct on the rate of re a c也on ･ En zym einhibition w as obser v ed with high
c once ntration of Cys.
The P S A Ta ctivity of re c ombina nten zym e of Ambidopsis w asinhibitedbythe
antis e ru mraised aga in st the His-Bind
R
purifiedre c o mbin antprotein ov erexpr es s ed inthe
E･ c olt A D 494/pE T32a(＋)system . Inhibiton wasline arwiththe am o u nt of antibodies
addedtothe r e a ction mixtur e(data notsho wn).
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Figure17･ Ov ere xpr essio n of C P S A T-5 in pE T 3da nd dete rmin atio n of e n zym e a ctivity
of PS A T in the c rude e xtra ct of E. c oli BL 2 1.
La nes:M, standardpr oteins as m olec ular w eight m arker(Phar macia);B L21/pE T3d,s olublefractio n of E.
colt B L 21carTying an e mpty vectorpE T 3d;pL 21/PPS A T-A B 23PS, s oluble fractio n of E. coltBL2l
ca叩 Ing Plas midPP SA T- A B 23P Swith C P S A T-5 in sens e orientaionto the pro m oter;B L 21/pPS A T-
A B 23P A, s oluble fractio n of E･ c olica=ylng PlasmidPPS A T- A B 23P Awith C P S A T-5 in aJltisense
orientatio n･ For the en zym e ass ay, the activities of P S A Twered3termin ed in solubleprotein e xtractsby
usingthe m ethod describedin(96). Data ar e e xpressedas m e an± S D(n =3)LLm Ole/ min/mg ofc rudepr otein .
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3.2.4. Ge n eExpr e sion of P S A T
Northe r nblota nalysis w as c arried o uttoe x a minethele v elofmRN Ae xpres sio nin sho ot
andr o ottissu esfr o mlight-gr o wn and dark-tr eatedplants(Fig･ 18)A Thehighe stle v elof
P S A TmR N Ae xpres sio n wa s obser v ed in the light-gr o w nro ots follo w ed by a
slgnific a nt am o u nt of mR N Ae xpr es sio nin light-gr o w n sho ots. A low erle v el of
e xpre s sion wa s als o detected in dark-gro wn sho ots a nd r oots･ T he preferential
expre s sio n of PSAT mR N A inthe ro ots wasin c ontra st with mR N Asoftw o e n zym es
inv olv ed in the photore spir atorypathw ay, the H -pr otein(32)and SH M T(35), which
ac cu mulatedprim a rilyinthelight-gro w n sho ot tis s u e salthoughales spro no u n ced signal
w as als odetected inthedark-gro w n sho ots.
In siiu hybridiz atio n re s ults s ug gestedthat lnR N Aof PS A Tw a se xpr e ss ed at
s omelev elin alltypes ofcellsinleaf, stem and root tis s u e s(data n otsho w n). Ho w e ver,
astro ng signalw asdete cted in m eriste mtis s u e ofro ot tips(Fig. 19, A and B),indic ating
slgnific ant higherlev el of e xpr es sion in fast prolifer ating tissu es. T he r ot tiss u e s
s urr o u nding vas c ular bundle and ro ot epidermis weTe als o s ug gested asthe sites of
prefe rentiale xpre s sio n(Fig. 19 B).
45
A Light Da rk
r ｢ ｢ ｢
S ho ot Ro ot S hoot Ro ot
J d J h ” t b77 申 ■ ■山■ 円■ 叫 ■
P S A T
B
H -protein
C
S H M T
也)
0
1=
くq
て)
C
コ
.上〕
(q
<
≡
〔⊂
≡
¢
.≧
～
(ロ
也)
(工
q)
0
⊂
d
て】
⊂:
コ
.j⊃
d
く亡
Z
∝
≡
Q)
･3;
a
q)
【工
①
0
⊂
a
て】
【=
コ
, C)
a
<く
≡
α:
≡
0
･B
(匂
q)
【工
Light
sh m .I
中 ■■u ■ - 1■ 叫 ■
Da rk
s 耶 .I
Figure 18･ No rthe rn a nalys IS Of P S A Tm R N A fro m diffe rent tis s ues of Arabidopsis
s e edlings.
Te np goftotal R N Aw as separated u n血 血n atunng co nditions o n al･2 %agaro s egel c o ntainlng
for mal d3hytba ndtransfbrredto aHybo nd N
'
rn e mbran e(Amersha m), a ndthe nprobed with
32p-labelled
CD N Aclo n e･ Thefin alw ashing w asperfor m ed in O･1 x SSP E, 0.1% SD Sat65
oC for10 min.
(A)The mRNA of P SAT w as accu m ulate
.
d in bo
l
th leaf a nd roottiss ues, with the highest a m o u nt
prefere ntiallyexpressed in ro ot tiss ues of lighトgr o w npla nts .
(B)a nd(C)Prefbrentialexpressio n of H-protein, a subu nit of G D C, a ndSHM Tm R N A inleaftiss ues of
light-gro w nplants although a m u ch lo w er a m ou nt of expressio n was als odetected in dark-tre ated leaf
tiss u es.
4 6
Figur e19. ITZ SitLL hyb ri di2:atio n of Ar abidopsis with PS AT aTltise n s epr obe ･
Blue c oloris toluidin eblu e stain l ng.
Longitudin als e ctio n s ofroot tip(A)andro ot(忠),(C)u nde rdark fieldop(ic s･
(A),(A)Signals= brightspotsindicated by arrowhe ads.
(C)NegatlV eC O rLtrOl, beinghybridizedwith PSA Ts e n s epr obe ･
Bars= 2 0 0LLm; m , m e riste m; ep, epide r mis;vb, v a s c ula rbu ndle .
3.2.5. A(:c u m ulation a nd lm m u n ol c aliz atio n of PSA T Protein
The antibodie s rais ed agains tthe o v e re xpre s sed P S A T in pE T32a(＋)syste m r e c ogniz ed
the o vere xpr e sedpr otein in pE T3da s w ella sthe as s o ciatedpr otein in Arabidops ISI
W ester nblota nalysis(Fig. 20)indic atedthatthe abu ndanc e of P S A Tpr otein inthetotal
pr oteins in both sho ots and ro ots of light-gro w nseedlings･ Im m u nolocalization
e xperim ents(Fig･ 2 1)indicated thatP S A Tpr otein w asprefe re ntially ac c u m ulated inthe
stele,in partic ularthe c ells clo s eto the xyle minle af, ste m a nd roots ec tion s･
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Figure 2 0, W este r n b lot a nalysis of P S A T.
Proteirle XtraCted 丘om 3- w e ek- old AnhL
'
d9PSis w a ssepaq ated by S O S-P AGE and electroche mic ally
transferr edont olm m obilon P m e mbra n e.It w a sthe n r e ac ted with 1:5 0 0 dnution ofrabbit a ntise ru mised
agalIIStpuri fiedre c o mbin a ntP S A Tfused with日is-tag. Theim m u no re a c tivepro teins w e revis u a】iz ed u sing
pho sphalase-labelledgoat anti-rabbit, with N B Ta nd B C I pas s ubstr ate s･ P S A Tpr otein wa spr efler e ntially
e xpre s s ed in both le ave sa nd ro ots of Ar abE
'
dopsis ofligh[
-
gr o w npla nts･ N o significant slgTlal w asdete cted
for the extracts 丘o mdark-t陀 atedseedlings.
l■
Figu re2 1. Im m tl nOlo cal i2:atio n of PS A Tprotein in A T
･ab idopsis ･
(A),(港)atld(C)are cro s s s e ctio ns ofste m.
(A)negative c ontrol, in c ubated wi thpreim m u ne s e ru m ,in which onlyaut ofLu ores ce nce sign al ofxyle m
w e re obse rv ed.
”)in c ubated with rabbit aJltis e ru m raised aga l nS【C P S A T, gr e e nf一u o r esc enc e sign als (indic ated by
ar rowhe ads)w eredetected in the stele, prefbrential】y ass ociated with xyle lTl,
(C)a non-fluore s c e nt micrograph ofste m .
ed, e ndode m lis;xy, xyle rn. Bare 100LL m.
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3. 3. D is cllS Sio n
3･3･1･ Str uctu r al a nd Fu n ctio n al Pr ope rtie s of PSA T Mole c ule
The nucle otide s equ en c ecorr espo nding to the Arabidopsis PSAT rnR N Aenc ode s a
pre c urs or of maturepr otein of 430amino acidre sidue s･ The spinach a nd ArabidopsIS
PSA Te n zym es w er e englneereds othat theprotein expre s sed had 60amino a cidr e sidues
trun c ated fro mthefulト1e ngth deducedopen readingfr am e･ T hey w ere c atalytical1ya ctiv e･
T he refo re, the N -te rmin alexte n sio n ofthese cD NAs m ayfu nctio nas atransitpeptide･
Es s e ntialco m m o n char acte rs of a chloroplast tra n sitpeptide s ugge stedthat the P S A T is
lo c ated in the pla stid/chlo r oplast･ T he ge n epr odu ct show s high bo m ologyto P S A T
amin o acids equ enc esfrom other s o urc es･ Both the sign ature S equ ence for P S A T
protein s a ndthe c o m m on s eque nc e m otifinv olvingthepyrido x albindinglysin efo u nd in
Clas sV aminotr an sferas eev e c o n s er ved in AnLd”
'
dopsis PSA T･ The ge n eprodu ct
fu n ctio nallyc o mple m e nted a nE. c olise7C m utantstrain. En zym e activityas s o ciated with
P S A T in E. c olic rude e xtr act, which･ov e re xpr es sedthe CD N A, further c onfir m ed its
identity.
Serin efailedtoinhibitP S A T fro mboth ArabidopsIS andsplna Ch. Thes
'
e findings
agree with obser vatio n sby Reyn olds etal. (8 8)using pe aP S A T but w e rein co ntra st to
the r eportof Lars s on and Al berts s on(73)thatP S A T fro m spinach w a s stro nglyinhibited
bys erin e. The antibodie s againstthe r e c ombin a ntP SATc o uld inhibit the activity ofthe
ove r expr es sed P S A T E. colic rude e xtr a ct･
3. 3. 2. P hysiologic al Signific a n c e of Ge n e Expr e s sion a nd Pr otein
Ac c u m ulatio m of PSA T
The c o e xiste n c e oftw o o rm o rebio syntbeticpathw aysin higherplantsuggeststhateither
oftw opathw ays m aybeprefere ntially utiliz ed depe nding upon thephysiologlC alstate of
plants at agi ve ntim e. Itis c onc eiv ablethats erin eisderiv ed fro mglyc olate viaglyclne
du ring photo synthesis･ In the abse nc e ofpho tor esplration, in partic ulEV
･
, in l
･
apidly
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prolifer atingtis s u e s oflw photosynthetic a ctivity(27, 31), thepho sphorylatedpathw ay
may playthe
l
prl m ary r Ole inthetotalc ellularsupply ofse rin e･ Thisisprobablybe c au s e
thephoto re spiratory pathw ay do e s n ot effic ently operatein the dark(10). Therefore,
photo synthetictis s u es, e･ g･ le a v es underillu血n ation, m ay ha v e agr e ater c apacityfor
utiliz ng glycin e as a s erin epr ec urs o r; wherea sin no n-photo synthetictis s u e s, e･g･ ro ots,
dark-tre ated le a ves and etiolated le av es etc･ , thepho sphorylatedpathw ay m aytake over
tobethe m ain sup ply ofse rinein pla nts(3, 85, 88).
Undernor mal c o ndito n s, o nly mino rP S A Tactivitie s w er e m easu red in the
le av es of spinach (73) and pea (1), while in tis s u es as s ociated with rapidcell
pr olifer atio n, e･g･ s e ed lea ves and apicalm eriste m sofpe a(27)as w ellas r o ot tis s u e s of
s oybe an and lupin (31), c o n siderable am o unts of PS A Tw er efo u nd. Stolz a nd
rX5rne m an n(23)als odete cted P S A Tactivityin aSc e nedes m u s obliqli･u Sm utantWithlo w
photorespiratory a ctivityu nder no rmal C O2 C O ndito n which is compar able to tis s u es
with r apidcellproliferation･ T he pho sphorylated pathw ay enzym e s ar eimpo rtantin
prol 血r atlng pla nt a nd a nim altiss u es wher ethereis ahigh s erin e requlre m ent･ Sm ell
(102)reported that the r at n e oplastic tis s u esha v ehigherS H M rand P S A Tactivities,
perhaps rene ctingtheincr eased de m a nd for one-c arbo nfragm ents ultim atelyrequir ed for
D N AsynthesisI The northern blot analyses results are co n sistent with the pre vio us
repo rts, pr o viding m ole cular e viden c ethatrnR N Aof P S A T ispr efere ntiallye xpress ed in
r o otsfrom light-gl
.
O W nPlants(Fig. 18), espe ciallyin the m eriste mtis s u e asrevealedby
in situhybridization r e s ults(Fig･ 19)･ M in or a m o untof P S A TmR N Ae xpre s sion inthe
sho ots fro mlight-grow n plants m ay be du eto the n o n-photo synthetic celltypesthat
c oe xistinthelea v es a ndste m s.
In c ontrastto the pr efere ntiale xpres sio n of P S A T, mR N Aabundan c e of H-
protein(a subunit of G D C)and SHM T, the tw o e n zym es which are responsiblefor the
photore splratOry Pathw ay ln Sho ots of light-grow nplants, far e xce ededtheir ej'Pr eS Sio n
in r o ots ordark-grow n sho ots(Fig. 18). Again, th isfinding supports ltheide athat the
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photor e splr atOry pathw ay pr edo血 n ate sin photo synthetic tis sues･ T he pbo spho rylated
pathw ay m ayplay animportantr olein supplying serineto the ro ot. Ho w e v er, fu rther
physiologic alstudie s ofthe flu x e sthr oughthetw opathw ays ha ve to be compar edto
c o nfirm the abo v e re s ult･ Furtherinv estlgatio n s aren e c e s s aryto clarifytheintera ctio n of
thetw opathw ays ata m ole c ular a ndphysiologlC a1lev elpre cis ely.
Irrm unolo caliz ation of P S A Tprotein(Fig. 21)pro vided fu rtherinfo r matio nthat
P S A Tprotein is m ainly detected in cells in and aro undthe v as c ularbu ndle, a nd is
preferentially as s o ciated with xyle m inle af, stem a nd r o ot tis sues･ Since thes ec ells do
not take partin photo synthesis, the pho spho rylated pathw ay m ay ther efore play an
i叩 O rta ntr olein s upplyings erin erequ lre me nt tO 也es etis s u es. It叩pe arSlikelythat the
in c reaseinprotein synthesisispartlyregulated at the mR N A level.
3.3.3. M e a nlngS Of Pla stidic Lo c alization of P S A T
●
Reynolds and Ble vin s(3 1)repo rted that P S A Tw as localized in the proplastid, a
con clusionbas ed o ne n zym eisolatio nfro m theplastidicfr actio n･ Ho w e v e r, Lar s s o n and
Al berts s o n(73)dete cted 90 % of P S A Ta ctivity o utsidethe chlo r opla stsinle a ves in
c ontr ast toP SP, the e n zym e re spo n sibleforthefin alstepinthephosphorylatedpathw ay,
wbicb w as of e xclusiv ely chloropla stic origin. Thu s, La rs s
'
on and Alberts s on (73)
propo s edthat the3P H Pfo r m ed byP G DH w as e xported fr o m chlo roplaststofo rm 3
-
pho spho serine which w asthenimpo rted intothe chlor oplasts､to s e rve as a subsb
･
atefor
PS P･ This r e s e archprovidedthefirsts ubc ellularlocaliz atio n e vide n c e whichshow sthe
targetlng Ofspl n aCh and AnabidopsisP S A Tpr otein sintole afchloropla sts･ Thefun ctio n
ofthetr anslt-PePtideslo c ated at theN -te rmin u s of the cD N Asw er e c o nfirm ed･
The So uther n blot analysis s ugge sted the pres enc e of a si ngle ge n e
correspondingto the is olated CD N A, but the reis apossibility of related s equ e nces
en c odingfor otheris ofo r m s of PS A T in AnabidopsISSinc e seve ralw e akly hybridiz ng
bands w er als o obs erved in addito nto the expected bandsbas edQn thege n omic D NA
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s eque n c e･ How ev er, itis pr em atu reto sugge st theis olatedge neis am ain ge ne without
firstknow ing Whetherotherge nes e n c odingP S A Tspecie s e xist, and how ma ny, a s w ell
astheir physiologicalroles･ The pres enc e of an otheris ofo r m of P S A Twhich is n ot
′
localized intheplastidrem ains apo ssibility andne edsfurtherin v estigation･
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C H A P T E RF O tJ R
M OL ECU L A RCLO NI N G A N D C ⅢA R ACT E RI Z ATION O F
3- P H OSP H OSE R IN E PfIOSP ⅢA T A S E(P S P)
A bstra ct
An Aylabidopsis thalimla CDN Aenc oding 3-pho spho serin ephosphatase (P S P), the
enzym ewhich is r esponsiblefo rthe co nversio n of 3-pho spho s erineto s erineinthefinal
step of the. pla stidic pathw ay of s erin e bio synthesis, w as clo n ed by fu nctional
co mplerhentation oftheE･ colis e rB
‾
m uta nt･ Thel･ 1 kb fulト1engthCD N A, en codingfor
295 amino a cids in its open re ading fr am e, c o ntains aputativ e organ elle targeting
presequ e n c e･ The chlo r oplastic targetlng has be e nde m onstrated by particle gun
bo mba rdm e nt e xperim e nts u sl ng a fusio nprotein ofthe 60 N-te minalamino a cids of
Arabidopsis P S Pand GF P
1
(gre e n至1u o re s ce n e 空rotein). So uthe m blots s uggest the
e xiste n c e of a slngle-c opy gene, encoding PS P in the ArabidopsISge n O m e, Which is
m apped to chro mo s om e 1. P SPenzym e activity w as dete cted in vitro in the
o v er e xpr es s ed r ec o mbin antprotein of E. c oli. No rthe r n anlysis r e v ealed pr efere ntial
gen e expressio ninle afa ndro ot tis s u e s of light-gro w nplants withan appro xim ately1.5
foldabu ndan cyinthe r o otc o mpar edtothele aftis su es. Thisindic atesthepo s sible role
oftheplastidicpathw ay ln Supplyingserin eto non-photo synthetictissu e s, in c ontrasttd
thefu n ctio n ofthephotore spiratory pathw ayln Photosynthetictis su e s.
53
4.1. Intr odu ctio n
In the final step of the pho spho rylated pathw ay of s erine bio synthesis,
dephosphorylation of 3-pho spbos erin e to s erine is perfわrm ed by 3-pho sphos erin e
pho sphatas e(P SP) (E C. 3.1.3.3).
P S P has n ot be e npurified from plant tis s u e s･ Mo st oftheliterature revie w s
r egardingP S Parefro mE･ c oliand m at- als･ In E･ c oli, P S Pw asinhibited byserine
(93)･ T he inhibitio nis of neitherthe c ompetitiv e n or the non -co mpetitiv etype with
respect to s erュn e. The equilibriu mpo sitions of P S A Tand P G D Hwill favo r3P G Awhe n
P S P is nhibited
,
the reby, ensuringthat thepathw ay a s awholeis effe ctiv ely c o ntrolled･
Thepho
t
spho rylatedpathw ayin E･ c oltis contr olledpri m arilybythe de m and for serine
r atherthanthe s upplyofthepre c u rs or, 3 P G A(93).
An alysis of m a m malia n serine bio synthe sis revealed thatproductinhibitio n on
PSP a ctivityis impo rtantin r egulatingthe pho sphorylated s erin ebiosynthetic pathw ay
(103). Nem e r et al. (104)als oreportedthatthe ste adystate serinele v elin ratliv er could
regulatethe hydrolysis ofse rin e, thefinalstep ofthe pathw ay･ Ala nin e andglyclne Can
als oinhibitE. coli P SPactivitie sto ali mitede xte nt. High intra cellula r c onc e ntratio n s of
the s e a mino a cids mightinhibit serin e synthe sis to o(105). Anyw ay, inhibitio nby
glycln e W O uldnotdismpt cellularpr o c e ss es sin c eglyclneits elfc a nglV erise to s erine.
On the othe rhand, inhibitio nby alanin e may re sultin s erine star v atio n. P SP fo rm atio n
ap peared to be repr e ss ed in cultu red hu m an cells gl:O W nin serin e(105). Enzym e
synthe sis w a s redu c edratherthan c o mpletelyinhibited inthepres enc e ofserin e(I 04).
In this chapter, s u c c es sful CD N Aclon lng and characteriz ation of P S P from
ArabidopsISar er epo rted.
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4.2. Results
4.2･1･･ CDNA Clo n i ng Of PSP byFu n ction al Co mple m e mtatio n of a nE. c oli
●
M uta mt
TheE･ c olts erB
-
m utantstrain S K 472 isdeficie ntin P S Pa ctivitya nd is u n abletogr o w
on minim al M 9plate witho utserine s upple me ntation . Comple mented c ells which w ere
ampicillin resistant w er e obtained ata frequency of 50 fr om 1 A 10
5
cellstran sfor m ed
with a totalof 1.6トLg Plasmi d D N Arec o vered fr om the 九Y ES A托めidopsis CD N A
expr es sionlibr ary(106). The CDN Aclon e, F P S P4, obtain ed w as1. 0 kb inlength and it
startsim m ediately丘
.
o mtheA T Gtr a n slatio n alc odo n.
In o rderto obtain alo nger CD N Aclone, 4･5 x 10
5
pbage plaque sprodu ced
fr o m anAnabidopsISWhole plant CD N A libr ary w ere scre e ned withthe CD N Aclo n e,
F P SP 4, is olated byfu n ctio n alc omplem entatio n, a nd only2po sitiv e clones w ereisolated･
Amo ngthetw o po sitiv eclon es s ele cted forfu rtherstudies, C P SP-1, whichcontain sthe
largestCD N A in s ert(1. 1 kb)w as s ubclon ed ands equ e n c ed･ Sequ ence analysis(Fig･ 22)
re v ealedthatitis82 bplonger than FPSP 4, c ontaln lng an OPen r e adingfr am e of 88 5
n u cleotides that enc ode for295amino a cidre sidu e s. Poly(A)tail is abs e ntfr om the
CD N Aclone.
T he dedu ced amino a cids equ en c eofthe Anabidopsis PS P ha sbeen aligned
with P S P fro m other o rganism s (Fig. 23). A phylogenetic tre e(Fig･ 24)indic ate s
Arabidopsis P SPis clo sely related to hu m anPgP (108). The And”
'
dopsis P S P,
co ntainlngtw o Ofthe m ostc o n serv edr eglOnS Of P S P, D X D S Ta nd G D G X X D,ha shigh
si mi 1arityto amino acidsequ e n c e s of P S P fr o m other o rganisms(Fig･ 23)･ It differs
fro mthe re st m ainlydu etoitsN-te rmin alreglO n･
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1 C ABLX:A G CA GC C G且AG A C G E:C G CC G GC G礼TT T CCG G TTG G A A G T TCTC A m T G AT C 6 0
6 1 T G m T C TC GC GC TC C A A G TItT 塑 ヱ⊆聖泣望ヨTr OT G CC A G TTC 1 20
M E A IJ T T S R V V P VQ
1 2 1 A G GTC C C CTG TA G A 礼A G C T Cr C T TC A CTTT T TG TA T TT T T m G C C TT G且GTT A A GG A 1 80
V P C R 冗 L S S LF A N F S C L I L R R
1 8 1 G A TAT CC TTG T A G A G G T C T T G T CT C CATT A T G A A C〔: TCCCAA A T T G C T rCG TCC A G T GA 2 4 0
Y P C R G L V S = M N H P K LIJ R P V T
2 4 1 C T GC T TGTGCA GC C T C ACG A G TTG T C G 乱C T T Tt3 3 G G C A T G A A G G C A AC AT TGT TC C T 3 0 0
A S V Q P 王i E i S T L G H E G N I V P S
3 0 1 C T 且姐 GA A AT TC TT G A T C T T G GBG A A GTG T TAAGC G C汀A T G T T C G AT(打 GG 礼C A GCA 360
K E = L D L W R SV E A V C F D V D S T
3 6 1 C G(ヨr T T GTCTT G G A T G A A G G 凪 T T G礼TG AAC T T GC'IG G T T TG G G AG C T ∝;A AA G G CT 4 2 0
V C V D 玉: G = D E L A E F C GA G K A V
42 1 T T ∝ でGA A TG GA CT G C C A G旦GC T3m G αコTG G A TCyTG T T C C A T T G A A GA aGC TCT G C T 4 8 0
A I W T A R A M G G S V P F E E A i A A
4 8 1 C AAGAC TT TC Tr T AT T C A A(コ: C T T C T C T T P C A AAAG T A 払 G G AATA T C T C G C A A G A GAC 5 4 0
R L S L F R P S L S K V E ≡ Y L D K R P
5 4 1 C CCCA A G GC T AT CT C C T G G⊂A T T G礼AG A〔FIIT G G T n A G A A A C T C A GAG CC A A T ÅA C A T T G 6 00
P R L S P G = E E L V K K L R A N N = D
6 0 1 A T GIC T A T TT G丸T ÅT C T G GZG G TTT T CG AC A G A ¶コA CA AT C C I G TAG CAT C G A T T C T T G 6 6 0
V Y L =･ S G G F RQ M = N P V A S = L G
6 6 1 G CATC C C T CG GG AG乱A TA TCT T TGC ⊂A A⊂A A T C TTC T A Tr T G GAA A C T CC ∝ C G 乱G T TTC 7 20
= P R E N = F A N ” L L F G N S G ≡: F L
7 2 1 T G ∝;ATTT G 礼T G A G 良A C GE: CTAC G¶:且且GAAC m G A ∝ C A Å包G C C A2G (訂AG汀 G C A A C 7 8 0
G F D I N I P T S R S G G a AA A V Q Q
7 8 1 A ÅATA C G A 姐 GG GTC G TC TCI.A C A A G 且 T A T G G C C 礼T G AT T G GAG A T G GI)(Ⅹ: T C T G A T C 8 4 0
= R K G R L Y K T 凹 A ” r GD 且 T D L
8 4 1 TC GA AG C A CG TAAAC CTG G T GGC(Ⅹ: A G A T II G T m T A T C G T A C G C TG G且G T T C A G C TT C 9 0 0
E A R K P G G A D L F =S Y A G V Q L R
90 1 G TGAA G C C GTT G CA GC A A AT GC A GA C TG GC T TA TCr T T AA GT m A A T CTC T C A T A AAC T 9 6 0
E A V A A N A D W L = F K F E S L = N S
96 1 CA TrIG GAC 現 A A A 田: C T C T月rA G T G A T T AT T CTCG 汀T T A G CTA A A C T C A T T A T T CA T A 1 0 2 0
L D *
1 0 2 1 T C ⊂温良且T T T G TA CCC T T T T2U G A AT T TG TA T C A AA:T A C CAA Tt3 A T C ÅA C A A T G T TTr 1 08 0
10 8 1 TG CCA A A AA C CC T GAC G T A G 1 10 0
Figure 22. Nu cleotide and dedu ced a min o a cids eqtle n Ce S Of cI) N A Clo n e, C P S P･1 fr o mA A
thalia n a.
Seque nces which are hom ologousto the P C Rprl m erSfor c o nstructio n ofthe e xpressio n vector ar e
u nderlined.
Upstre a mprlm er, A B 5,
'
- C A G TTC C左E⊆旦生∠』良!⊇臼ユ生A!迅 コ笠島生〔進 一3
I
;and do wrl Stre a mPrl m er,
A B 古
,
5' - C G C G G A T C C A T A G A G G CT m A G T C C AAT-3'
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(Ge nBankaccessio n n o. A B O1840).
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Figure24･ Plylogen etic tre e of P ≦ppr oteins ･
Thephyloge netictree co nstru cted usingthe P H Y LIP 3･57c progra m(J･ Felse nstein), indicatesthat PS P
&o m ATthL
･
d,psis aJld hu m anfo rm a family distinctfro m other organis m s･ Abbreviatio ns:AJhl,
A'rhm oglobusfulgidLS (A E OO956);Ecoli, E･ c olt(Ⅹ03 04 6);Haein, H･ inj7uenza(U32784); Hpylori,
HelE
'
c obαter pyloli (A E OOO578); Mjan, M ･ Jm m aSChiE
'
((U67599); Methcq70bacten
'
u m
the n n o a utotrophic u m(A E OOO921);Yeast,SI C e r e Visiae(U 36473);Ho m o, H･ s apiens(Y IO275);Arab,A I
thalian a(this study).
58
4.2.2. M ap pi ng Of Arabidopsis PSP Ge ne
●
The geno mic clone GP SP c o v eringthe c o°ing regl O n Of P SPw asis olated by P C R
a mplificatio n and ha sbe en fully sequenc ed･ AnalysIS Ofthe genomic and CDNA
sequ e n c esre v e aledthe pres e n ce of six sho rtintr ons, splittingthe ope nre ading 血
･
ame
into sev en e x o n s(Fig. 25).
TheSo uther nblot results(Fig. 26)dem o n strate a single m ajo rfragmentbeing
hybridiz edupo ndigestion with Bcm HI, BglII, Ec oRI, Sa cland X baI･ Tw obands w ere
observ ed upon digestion with EcoR V du eto the pres en c e ofrestriction site sfor this
e ndon ucle aseinthege nomic stru cture. The r esults s uggestedthatA71abidopsis P SPis a
slngle-c opy gen ethat w asnappedto chro m o s om e1, betw e e nthe markersg378 6and
g38 29.
] = 0.1kb
R S H R C
£ £
Figu r e2 5. T hege n o mic str ucture ofPSPgene･
Solidthick bar sindicate open readingfra m e of ATtd”
'
d,psis P S Pandthicklinesindicatethepresen ce of
intro ns. T he tra n slatio n al initiatioll(A T G) and telⅦin atio n(T AA) c o血-s areindicated by alTO W S･
Abbre viatio ns ofrestrictio n en zymes are asfわlo wed: R , EcoR V
･
, ”, HL
.
n瓜Ⅰ;S, SalI
-
, C, Cld･ (GenBank
acc essio n n o. A B O18409).
59
kb
21 p･ -
11.5 ･ 甲･ - I
7.4 - -
5.0 - -♯ 叫 ･ ･
2.8 ～
書芸慧慧芸責
Figure 26. Sotltbe r nblot a n alysis of P S P･
Ge n o mic DN Aw as extractedfr o m theleave s of 3- w e ek- oldse edlings.For ev eryla ne,abo ut5トLgOfge no mic
D N Aw asdigestedwith restrictio n e n zym e,s eparated by electropboresithro ughaO･8 %(w/v)agaroseg l,
transfeITedto aHybo nd N
'
m embrane(Amersh am), andthenhybri dized with
32p-labelled C P S A T-5･ T he
fin alw ashing w asperfor m ed in O･1 x SSPE, 0･1 % S D Sat65
oC for10 mint
60
4.2.3. Subc ellula r Lo calizatio n of Ar abidopsis PSP
T he r e c o mbihantfu sio nproteinof C P S P- G F P, c o ntain lngthe60amin o a cids atthe N-
termin u s of CP S P-1 which w ere fus edto thejellyfishgre e nflu o re s c e ntpr otein(G F P),
c o uld bedete cted in inta cttiss u es afterdeliveringthe co n stru ctsinto An zbidopsISle ave s
by particle gu n bo mbardm ent･ T he obs e rv ed signals of the c o nstru ct c o ntain ing the
predictedtr an sitpeptides of P SP fro mA nabidopsis(Fig･ 27 B) w e re si mi larto tho s e
e xhibited bytra nsitpeptide ofthe ri bulose -1,5-bispho sphate carbo xylas e s mallsubunit
polypeptide of Anabidopsis(82) (Fig. 27A) which w a sdr eady kn o w nto be.suffic e nt
fo rtr an sloc ation to chlo r oplasts (83). 1もe s e re s ults confir med that the N -te minal
s equ e n c e of Anabidopsis P S P is s uffic entfo rthe tr an slo calizatio n ofapa s s e ngerpr otein
into chloropla sts. T hu s, theAr abidopsisP SP is aplastidicpr otein･
&
II
Figu r e2 7･ Organ elle lo c aliz atio n of PS P by tlSing G F Pa s r epo rte r pr oteiI1･
particle gun bo mba rdm e nt wa s c arried o utby using 甘elios Gene-Gun sys(em , at pre s s u re1 0 pIS･i【o
traJISfo rm 3- w e ek- old AT血id7PSis s eedlings . A 1 8 0 PCR-am plifLed丘agm en tof P SAT 丘om AT血iLbpsis
w as s ubclo n ed into plas mid CaM V35 S
-SGF P(S65 T)-NOS 3
'
･ The 35Sf2- T P- SG F P(S65 T) c onstru c(,
c arryingtransit peptid=s equerlC e Obtain ed fro m the ribulos e-1･5-bisphospha(e c a rbD Xyla sesm allsubuni【
poly peptide of ATlabt
'
dopsis(8 2)w asus edas apositive co ntr ol･ Ba 仁 100トL m･
(A)Flu ore s ce nce signalpatte m exhibited by 35 SE2- T P-SG FP(S 65 T), which w as know nt obe targetedto
chloroplasts(83)A
(A)Fluore s c e n c e signalpatte r n e xhibited by C P S P- G F Pof Ar a[,idopsis(this study)･
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4･2･4･ Bio chemic al C ha r a cte rizatio n of ALrabidopsis P S P
T he re c o mbin antP S Pw as o v e rprodu ced in E･ c olt B L 21cells using a PE T3dv e ctor
system ･ T he re c ombin ant pr otein w as visualized on S D S-polya cryla血de gel
ele ctr opho re si (P A G E)gelas a37 k Daprotein(Fig. 28), exhibiting aPSP activityof
3.0 ±0.6 u nit/mg pr otein .
Double re cipr o c alplots oftheinitialr atesdatade mon strated a Km value of 3･5
mM for3-pho spho s erin e･ Enzym e a ctivityw as reducedratherthan c ompletelyinhibited
in the pres e nce of s erin e. Appr o xim ately60 % inhibition of P S Pactivity by 10m M
se rin e wa s obs e rved. Glycin edidnotr educ eo rinhibit theP S Pa ctivity.
良Ⅰ)a
94 -
67 -
4 3 -
3 0 -
2 0 -
磨
く0.1 3.0
±0 ±0.6
･頑 - - - 37 k Da
P S PactMy
(u n辻/mg protein)
Figure28･ Ov e re xprcs sio n of C P S P･1 a nd determin atio n of P S Pe nzyme a ctivity in the
c rude e xtr act of E. c oltB L 2 1.
Lan es:BL 2 1/pE T3d, s oluble fractio n of E･ c olt
-
B L21carrying an e mpty vector pE T3d;BL 21/PP S P
-S,
s olublefraction of E. c oliBL2 1c arryl ngPlasmidPP SP-S with C P SP-1 in sen se orie ntatio ntothepr o m oter･
Data are expressedas m e a nj= S D(n=3)u nit/mg protein.
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4･2･5･ Ge n eExpr e s sio n of Arabidopsis PSP
T he mR N A expres sionle velof P SPw a s e xamined inle af andr oot tis sues of both lighト
grow n and dark
-treated plants･ The highestlevel of PSP mR N Ae xpre s sio n w as
obs erved inlight-gro w n r o ot tis s u e s(Fig･ 29). Itis appro xim ately1.5- fold higher than
the mR N Ae xpr es sio ninlight-gr o w nle aftis s u e s･ Less am o u nt of mR N Ae xpresions
w eredete cted inthedark-gr o wnleaf andl
･
0 0t tis sue s･ Anyw ay, thele v el in dark-gro w n
ro ots w as still higher tha ndark瑠r OW n Sho ots･ T he preferentiale xpres sion of P S P in
ro ot tis s u e s of lighトgr o wn plants w asin cle ar co ntra st witl=he expres sion pa仕ern
e xhibited bythe H -protein (a c o mpone ntprotein of G rX:)(32) and S H M T(35), which
a c c u m ulatedprim arilyin thelight-gro w nle aftis s u e s(Fig. 29, B and C). The se R N A
blotanalyses s uggestedthat也e regulation ofP S Pge n eis m ainly ex e rtedat thelevelof
tra n sc riptio n orbystabilityofmR N A.
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Figure 29･ No rthe rn a n alysis of P S Pm R N A fro m different tis su e s of Arab idopsis
s e edlings .
TenLLg Oftotal R N Aw as separated u n(kr d5naturl ng c onditio ns o n al･2% agarosegel containlng
for mal d3hyd3 andtran血 Tedto aHybond N
･
m e mbra n e(Am ersha m), a ndthenprobed with
32p-labelled
CD NA clo n e. T hefin alw ashing w asperfor m ed in O･1 Ⅹ S SP E, 0･1% S D Sat65
oC forlO min･
(A)The mR N Aof P S Pw as acc u m ulated in both leaf and ro ot tissues, withthe highest a m ou nt
prefere ntiallye xpressedin ro ottissu es oflight
-gro w nplants ･
(B)and(C)Prefbrentialexpression of H-pr otein, a s ubu nit of G D C, and S HM TrnR N A inleaftiss ues of
light-gro w nplants altho ugh a m uch low er z m o unt ofe xpressio n w asals o血 ected in 血k
-tre ated leaf
tlSS u eS.
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4.3. D is c u s sio n
4.3.1. Clo血I ng Of Ar abidopsis P S P
■
Thefir stm olec ular clo ni ng Of P S P fro mtheplantkingdom was s u c c e s sfullyachie v ed in
the pr e se nt study fro m A71abidopsIS, by fu n ctio nalc o mple mentatio n of E. c olise rb
mutantS K 472.
Inthededu c ed amin o acids equ enc e, tw ohighly c ons e rved m otifs c ontaining
aspartate residu es, DX D ST and GDG X XD, arefo undin Arabidopsis PSP･ Both of
thesedo main sha v ehighsi mi larity withthe c o n se ns u spho spho rylation site of A TPases
ofthe N㌔/K＋ A TPases fa mily, s uggestl ng that ther e m ay be functional bo m ology
betw eeh P S Pand A TPases(107). Repla cem entofthefirstaspartate oftheD X D S Tm otif
byasp?agl n e Orglut am ate r es ulted in co mpleteinactiv ation ofthe e nzym es uggestingthe
first aspartate ofthis m otif is the pho sphorylated residueln hu m an P S P(108)･ PS P
belongsto a n e wpho sphotran sferasefamily with an amin o-terminal D X D X(T N)m otif
地ats erv e s a s a ninte m ediatepho spbo rylac ceptor(108)･
A nabidopsisP S P is a slngle
- c opy geneloc ated atchro mosome1, appro xim ately
2･ 2 cM belo w m arkerg3786and atO･ 1 cM abo v e.t
hege n eforP G D H, whichc atalyzes
the first step of the pho spho rylated pathw ay of s e rin e bio synthe sis･ T he actual
signific anc eoftheirpro xi mitytothe r egulation ofserinebiosynthe sis re mains aquestion
which ne edsfurthe rin v e stigation.
4.3.2. Bio che mic al Cha r a cte riz atio n of Al･ abidopsis PSP Pr otein
TheK
m
valu e of P SP inthe chloroplaste xtract ofspi n ach w asr eportedtobel･ i m M for
3-pho spho s erine a nd the activity w asMg
＋ depe ndent at optimu m pH 7(73)･ T he
ArabidopsIS r eCO mbin a nt P S Pe xhibited a highe r Km value of 3･5 m M for 3
-
1
pbo spbo s e rine･
In E. coli
,
P S Pw asinhibited byse rine(93). T heinhibitionis of neither the
c ompetitiv e no rthe n on
-c o mpetitiv e type with r e spect to s erine･ The equilibriu m
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po sitio n s of P S AT and P GDH will fa v or3P G Awhe nP S P is nhibited, thereby,
ens urlngthatthe pathw ay a s a whole is effe ctively co ntrolled. T he pho sphorylated
pathw ay lS COntr Olledprl m a rily bythede m a nd fわr s erine rathertha nthe supply ofthe
prec u r s or, 3P G A(93)･ Appro xim ately60 %of Anabidopsis P SPactivityisinhibited at
10mM s erin e. Thisfindingis c o nsistent with Lars s on and Alberts s o n
'
s repo rt(73), that
the spina ch P S Pactivity w a s reduc ed ratherthan eliminated completelyathigh s erュne
c onc e ntr ation . Analysis of the c ontrol of m am malian s erinebio synthe sis als o rev ealed
pr oductinhibition on PS Pa ctivity,the丘nalstepofthepathw ay(103)･
4.3.3.
■
Gen e Expr e s sion of Ar abidopsis P S P
Inthepre sentshldy, particlegu nbo mbardm e nte xperim e ntu slngr eC O mbin antpr otein of
C P S P- G FPc o nfir m edthatArabidopsisP SP is apla stidicprotein, indic atingther eis a
po ol of serin e in the chlo r oplasts/pla stids･ Serin epr oduction in the mitochondria,
c atalyzingbythe s erie s of rea ctio ns of G D Cand S H M T, is c onceiv edto be the m ajo r
s ou rce of s erin esupplyto light-gr o w nplants･ Ho wever, slgmi fic antge n e e xpre s sion
le v elofs e rュn ebio synthesizinge nzym es ofthepho sphorylatedpathw ayinthele aftis sue s
of light-grow nplants(85)indic ate sthe c o e xistence ofa s o u rc e ofserin esupplyinthe
chloroplasts･ Itis n ots urprlSlngSin ce3PG A, thepr e c u rs o r ofthispathw aylS ge ne rated
in gre at am ou ntinthe chlo r oplasts viathe o xidation of ribulo s e1, 5-bispho sphateduring
photo synthe sis.
The mR N Apr eferentiale xpre s sion patte rnof P S Pis con siste ntwith P G D Ha nd
P S A T
,
thepr e vioustw ogenesin thepho sphorylatedpathw ay ofserin ebio synthe sis･ Al 1
the s ethre ege ne s w erprefer e ntiallye xpres s ed inthe r o ot tiss u e soflight
-gr ow nplants
(85,86, 109),indicatingtbat也epbo spho rylatedpathw ay m ay playanimportantrolein
supplying s erin e to r o ot or ･other n on
-
photo synthetic tis s ues in which the
pbotore spiratoryratesarelo w･
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CH A P T E R FI V E
CON S T R U C TION OF T R A NSG E NIC P L ANTS O VE R E X P R E S SI N G
P G D H A N D PSA T
A bstr a ct
l
Inplm ltaAg710bαte n
'
u m - m ediatedtr ansfo rm atio n ofadultA･ thalim7aPla nts by vacu u m
infiltration w a sperform edto cre atetr an sgenicplants overe xpres slngP G D Ha nd P S A T
u nderthe c ontrol ofC AM V(c a ulinow er m o saic virus)35Spr o m oter･ The aim of this
studyis
'
to c onstru ct thetr an sgenic plantsfo rm olec ular and biochemicalanalyses･study
of the physiological r ole of the pho sphorylated s e rin e bio synthetic pathw ay in
ArabidopsIS･ Five kan amycln re sitant TI Pla nts
'
w er esc o red for c o n stru cts
o v er e xpr es slng P G D H in s e n s e a nd antise ns e o rientations, re spectively; and a single
c o nstm cto v e r e xpr es slngP S A T in se nse orie ntation ･
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5.1. Intr odtlCtion
Throughoutthe re cordedhistory, plantbr edersha v etl
liedtoimpr o v ethequalityof fo od
by s electing and pr opagating plant varieties based upon the pre se nc e of desirable
chara cteristic s･ In r e c entye ars, spe cific and faster ge n etic m a nlpulatio n ofplantspecie s
has been made by e xtensiv e u s e and m odific ation of Agroba cte nTu m - m ediated
tran sform ation . Ag710bacteTiu mintroduced itsT- D N A int o co mpatiblehostplantcells and
stably Integrates the n ew DNA into plant geno m ev∫〟 a highly ev olved m olec ular
m e chanis m.
Agy10ba cteTiu m - m ediatedtran sfor m atio n ofplants hasbe en adaptedto m any
dic otyledons. Thebro ad ho str ange of Agroba cten
'
u m, the regeneratio nr espo n siv ene s s
of m a nydiffe re nte xplant tis su es andthe utilityofwide r ange ofs electable m arkergene s
m adeits wide applicabilityin plantge n e m anipulatio n･
Inplm ltaAgrobu ten
'
u m - m ediatedtr ansfor mation ofadultA･ thaliL maPlants by
v ac u um infltration ha sbe e n e stablishedto obtain transgenicplantslately. In this m ethod,
adult ArabidopsIS Plants wer ein o c ulated with an Agroba cte n
'
u m s u spe n sio n usl ng
v a cu u minfiltration(I10). How e v er, the m echanis m(s)inv olv edthis m ethod ar elargely
unkno wn･ T heino c ulatedpla nts a rethen tra n splantedto s oila nd seeds are barv e sted･
T his method w as u sed suc ces sfullyin s e v eral 1aborato rie sto obtain transform ants with
v ario u s c o ntr u cts with atran sfo r m atio nfrequ e ncy of upto 10transfo r m ants/ino c ulated
plant. The tran sge nicindividualobtain ed areindepende ntand he mizygo u s(110, Ill1)
Thetargetc ells arelikelytobethe zygoteitselforthegam ete s･
In this experim e nt, in plalta Ag7Vbu te n
'
u m - m ediatedtransform ation of adult
A･ thalim laPlants by va c u u minfiltr ation w aspe rformedto cr eate tran sge nic plants
overe xpressingP G D Hand P S A Tunderthe c ontrol of C A M V(cauliflo w er m o saic virus)
35Spro m oter･
The aim ofthis s山dy isto constru cthe tr ansgenic pla nts o v er xpre s slng
p G D Hand P S A T for m ole c ular a nd bio chemicalan alyses studyofthephysiologicalrole
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ofthephosphorylatedserin ebiosyntheticpathw ayin ArabidopsIS･
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5.2. Re s ults
'
●
5･2･1･ Sc o r i ng Of Tl a nd Ho m o zygote Pla nts
Single kan amycl n r eSiste nt pla nt, PS A T-S l, w a s sc ored for c onstruct CaM V 35S-
C P S A T- T G S, where as, tw o and thre etransgenic plants w e re s c ored for c onstru cts
caM V3is- C P G D H- T G S(P G D H-Sl and P G D H-S2) and CaM V35S- CP G D H- T G A
(P G D H- A l, P G D H- A 2and P G D H- A 3), re spectively. No tran sge nicpla nt w as sco red
for c onstru ct CaM V 35S- C P S A T- T G A･ Tw o ho mozygote lin e s, P G D H-S l-3 and
P G D H- A ト5
,
w e reobtained and will be us edfol･ bio chemicaland m ole c ular analys e sin
thefuture.
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5.3. D is cⅦssio m
The m an ipulation of biologicalpr o c es sesbyintroducingandexpres sing genes Of interest
in transge nic plants are incre aslngly Important. Antis ens e R N A, dominant n egative
m utants, domin antgai n- Of-fu n ctio n m uta nts, ectopIC e xpr es sion and o ve rexpres sion had
pr ovidedpo werfulto olstoin v estlgate a n umber of importa ntbio che血c alpatbw ays･
In plm ltaAgy10bute n
'
u m - m ediatedtransform ation ofadultA. thalia l aPlantsby
v ac u u minfiltr atio nhasbe en e stablishedto obtain tran sge nic plants lately. The main
adv antage ofthis methodis its simplicityin which allthe steps are perform ed in
hortic ultu ral and no n-sterile c o nditons. In addito n, noin vitT10 Cultu re a nd regeneratio n
steps ar ene eded. Ther efo re, lo w er le v els of s om a clonal v ariatio n･ Selectio n1 0f
tr an sfo r m antio n with kan a mycin allo w slargepopulation ofproge nytobe s cre en ed and
ge n erallyeno ughs e eds ar eproduc ed for m any experim ents witho utfurtherpropagation･
M any aspects of Al
･
abidopsIS, including siz e ofthe plant, cyclelength, reproductiv e
biologyetc･ m akeita s uitable method fortheplant･ One dr a wback ofthis m ethod isits
mutage nic effe ct, s o m e ofthe m utations obs erv ed s e e m n ot t belinkedto afunctio nal
T-D N A in s e rt.
Thetr an sfor matio n effic e n cie sin the se experim e nts w er e very m u ch lo wer(0-
0.04tr an sfo r m ants/ino culatedplant)c o mparedto the tr an sform ation effic e ncy reported
(upto10tr ansform ants/in oc ulatedplant) (110)･ Thelo wtr an sform ation effic e ncies m ay
du etothe age andthephysiologicalstate ofthe adultArabidopsISPla nts used･
Tw oho m ozygote lin esw ere obtain ed and will be u s ed fol
･
m Olecuh･ a nd
bio che血c al analyses s山dy ofthe physiologic al role ofthe pho sphorylated serine
bio syntheticpathw ayinAr abidopsIS･
71
eM 魔野苛監閑6
CI‡A I〉T E R S ‡Ⅹ
GE N E R A L D ISC USSION AN DC ONCLUSIO N S
6.i. Ge n e r al D is c tl S Sio n
6. 1. 1. Regulatio n ofthe P ho spho rylated Pathw ay of Serine Bio synthe sis
in H igher Pla nts
The existence of metabolites that c anbefo rm ed by m ultiplepathw ayslike serine raised
inte resting qu e stio n s c onc e m lngtheir regulatio nande xpr ession ･
In bacte ria and animals, serin eis mainly synthesiz ed via the pho sphorylated
pathw ay(6), u singthe3P G Awhich w a sderiv ed fr o mglyc olysis orfr o mthe o xidativ e
or r edu ctiv epentos epho sphate patbw ay･ T he situatio nis m uch m o reco mplic ated in
photo synthetic plant tis s u e s since s e rin e biosynthe sis c a npro c e ed via the
photor e spir atory pathw ay(8). There aretw opo ols ofserin ebio synthesiz ed de n o v oin
photo synthetic c ells(Fig. 30), o n einthe mito chondria whereserin eis synthesized via
the photo r espiratory pa也w ay; and the o払er o n ein the cblo r oplasts, wher ethe
pho sphorylatedpathw ay lSPreS ent･
Serineprodu c血 nin 血e 血tocbondria, c atalyzingbythe s eries of re a ctions of
GDC and S H M T,is conc eiv edto bethe m ajor s ourc eOfs e rine s upplyin 1ight
-gro w n
plants. How e v er, slgnific antge n e e xpr es sio nlevelofthepho sphorylatedpathw ay s erin e
bio synthe sizing e n zym e sin thele aftis s u e sof light
-gro w npla nts(Fig･ 31)a ndthe
chloropla stic/plastidic lo caliz atio n of plant P G D H, P S A Tand PS P, indic ate the
c o e xiste n c e ofa s ou rc e ofserineinthe chlor oplasts･ Itis notsu rprlSlngSince3PGA, the
prec urs o r ofthis pathw ay lSge n eratedin gre at am o u ntin the chloroplasts via the
c a rboxylation ofribulo s e
-1,5-bispho sphate･
In the recent r e view of Bo urguignon et al. (125), the authors argu edthat the
highest thephotore spiration rate,thelessphotore spir atory glyclne andserin eare
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Fig･ 30･ Se rin ebio synthetic pathw ays in plant･
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-6-phosphate･ 1, ribulose
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carbo xylase/o xygen ase;2, phosphoglyc olate phosphatase;3, glycolate o xi
dase;4, gluta m ate:glyo xylate
amin otr an sferas e;5, serine:glyo xylat占a min otrans･ferase; 6, glycln ed3Carbo xylas e m ultien zym e c o mplex
(G D C); 7, s erin e hydro xym ethyltransfbrase (S H M T); 8, s erine‥glyoxylate amin otransfbrase; 9,
hydroxypyru v ate reductase/glycerate 血hydroge nas e(HPR/G D H); 10, glyc erate kin as
e; 1l, 3-
phosphoglycerate d3hydroge nase(P GD H); 12, 3
-
phosphosedn e apinotra n sferase(P
SAT); 13, 3-
phosphoserin epl-osphatase(P S P)･
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a vailablefo r c ellm etabolis m , therefore, photor espir ation do e snot n e c es s ary play an
important r olein n et s erin ebio synthe sis in plantlea v es underlight c o ndito n･ The
photor esplratOry pathw ay together with the no b-pho spho rylated/glyc erate pathw ay of
s erin ebio synthesisfor m a c atabolic ro utein recyclingthephotoresplr atOry C arbon into
Be占son - calvin cycle(125).
Ca ses of metabolic differentiation in which the e n zym es ass ociated withthe
particularpathw ay are synthesized orprefel
･
ential1ysynthesized onlyin s om etis s u es or
c ells ofapla nt w ouldr epres e nta n othe rpo ssibilityfわrthe e xisten ce of m ultiplepathw ays･
Thepr efe rentialmR N Aexpre s sion of P G D H, P S A Ta nd P SP, thethreege ne s whichare
respo n sibleforthe pho sphorylatedpathw ay ofserinebio synthe sis, arefound inthe r o ot
tis s ues of light-gro wn plants(Fig･ 3 1)A The 3 P G Agen erated throughthe o xidativ e
pe nto s epho sphate pathw ay m ay ser ve asthe pre c u rs o r of se rine bio syntbe sisin the
plastids ofro ot tis s u es(Fig･ 30)･ Ther e m aybe a n etw ork ofsignaltransdu ction which
is s witched onin ぬele a ves underlightc o ndito n a ndthentr avel do wntothe ro ots where
the mR N Ae xpre s sio nisindu c ed･ The am o u ntof P G D Hand P SPmRN A dete cted in the
r o ot tiss u e s w as slgnific antly higherthan thele aftis s u esfr o mdark-tre ated plants,
re v eal inga r o ot-prefere ntialexpres sion of the s ege n e s･ Fu rther m o re, i mm u n olo caliz ation
experim ents als ode m o n strated ac cu m ulatio n of P S A Tprotein in n o n
-photo synthetic
c ells
,partic uladyin 血e cells a ss o ciated withxyle m sin the stele･
Multiplepathw ays c oe xistin a single c elland each m aybepreferentially･utiliz ed
depending upon the physiologic alstate ofthe c ellat aglVe nt血 e･ The pho sphorylated
pathw ay ofs erinebio synthesisis propo sedto be a nimpo rtantserine supplyin the dark
whe nthe pboto r espir atory rateislo w･ T he abo v eas su mptl O nis s upported bythefa ct
thatboth GD Cand S H M rw ereha rdlydete cted inbothle afand root tissue s ofthe dark
-
tre ateds e edling.
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Figure31･ T he mR N Ae xp ressio n of the serin e bio synthetic en2:ym eSfr o mAl
･abidopsis･
Le ftpan els, R N A blotres ults;rightpanels, the relativ e mRNA abu ndanceno rmalizedwiththe rR N A
expressio ndata as a c o ntr ol. (A)P G D H;(B)P S A T;(C)P SP;(D)H- pro tein and(E)S H M T.
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Sear ching the tr a n s crlPtlO nal factor binding site profile databa se u slng
T F S E A R C H
'
Ver･ 1･3(Kyoto UnivL , Japan)sho w edthatthe m otifs pre s erltin the
P G D HandP S A Tge n es exhibitsi mi laritie s with S B F-I fa cto r(I12)bindingsite(Fig.
3 2and Fig･ 33), s uggestingthe po ssibilitiesthat the se genes m ay belight-r egulated.
Variou s analys e s s ug gestedthatS B F-1 iside ntic alto or clo s elyrelatedto G T
-1(112).
TheG T-l and its c orrespo ndingcis- ele m entha vebee nimplic ated in thelight- dependent
expres sio n ofrbcS
-3 A ingre e ntis su es(113)A Its closelyrelatedtran s actingfa ctor, S B F-
l, is als ofou ndtobelight-r egulated in C H Sand P A Lge nes･ Ho we ver, allthese ge n es
displayed div ers edo rga n-specific e xpresio n.
G T-1 binding sites ha v eals obe e nfou nd inthe pr o m oter of a photore ceptor
phyto chro me which is do w n-regulated bylight(114). T here ar eimplic atio n sthatG T-I
and SB Fll cis- ele m e nts, a nd their c o rre spo nding fa ctors ar ehighly depe nde nt o n
individualpr o m otersin whichthe cis- elem ents r eside andthe partic ular c o mbinatio n of
fa ctors pre se ntin the nu clei of diffe rent c elltypes. Inter a ctions withsev eral different
tran s c rlPtlOnal fa ctors m ay pro vide afle xible and div ers e e xpr es sionpatter n a s s uggested
by La wton etal. (1 12)that a relative s malln u mber ofcis- ele ments and c ognate-fa ctors
allo w an array of differen.tgene e xpr es sio npatter n s.
High e n zym e activitie s of P S A T infa stproliferatingtis sue s(e.g. r oot m eriste m s
and apicaltis s u es etc.) (3 I) andprefe re ntial P S A TmR N Ae xpre s sio nin ro ot m eriste m
of Arabidopsis(as sho wn byin situ hybridis ation e xperim ents), whe rether e ar ehigh
se rin e requ irem e nt, W er e C Onfir m ed･ The refore,thehighe ste xpres sio nle v elofthis gene
in the r o ottiss u es of light-gro w nplantsis ne eded fo rhigh de m andofserine o rits r elated
1
pr odu cts.
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2 0 5 1 T T AT II A T A A G G A T G CACAT G ATGAT GAAT ATT AAC C G TA A T A T AC T AT
2 1 0 1A T AGA T GACA ATGTA T TCA GT GC TA A ATT A T AGT AAC AA T TA A T T GA AT
2 1 5 1G CT T A A A TG A A TC T T T TA TI
I
ATA T A CTA CT T TA T ATG T GT T T T TT GTT
2 2 0 1TT A A T T G A GA C A A T GA AG A T G C A C CT AGAC A AG A A G C GTC CT AC T CTC T G
2 2 5 1T G C AG T GTG C T TC T CA T T T T A T T T ACTC T TT A ACC A ゑA C A A ACTG TT C A
2 30 1 C T T A T A C A T AAG T T G G T A G C C C A CA A
tr G TG AA AG AT TA A A T T AA A ÅC T C
2 3 5 1 A T C C A T T A C C T C C T GT AA G T CTAT A T T A A C C A C T T T A G CC T T T G C A C
2 4 0 1 A C A C T CACA A C A AC C A A T C AT A T TT A TA T T A AA A A AG A GTC A T G GC A
3 8 5 1TCA A ACA TTA C TA A ATT ATA ATTG G A G GAA TAT AT T A A 且AT GTG TT T A ÅA
3 9 0 1A TGTGT A T T A A T T A G T T A TG A T GTA A T T T T A GT A A A GTA A G T A TT
iP,
3 9 5 1TA CAA A A AT T A A G A T T C A CA A A T T A T TC A TA A A A T CTG TT T T T T T A G C
4 0 0 1 C G G TrTAGA T A TCA A T TA T A A C TA CA A TA C TA A T T T TGA T T G TAG G TT
9 2. 5
8 6. 8
9 0. 6
8 6. 8
8 6. 8
8 6. 8
8 6. 8
Figu re32. Putativ etra n sacting facto r, S B F･ 1, binding sites of G P G D Haspr edicted by
T S E A R C Hv cr. 1 . 3.
Nu mbers at the righthandsideindicatethe sc ores of imilaritytothe SB F-1 c o n s er v edr gion a Sindicated
by arro w s at the botto m ofthe s eqtlenC e S.
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2 3 01 TTG G GTGTG A T T AAT C A CAA T C T C G T T G GT CAAAA G C T T A T C CTGTGT
2 35 1 T G T T AAC AG A G G AGA GG C TTA T CTC A G T A A TAT A C TT AA C T C T C TCGA A
2 4 0 1TC C T A A A G TT T G T CT CTTT G A T T CTGG TT TT GGG A T T TT GAT GATTAT T
2 4 5 1 T T C T T CAÅ A G G A CuiA A CA A G Å且A GCT G TGAC A A G A A G AAG CTT GAT T C
2 5 0 1AT T G CAT C C GTC A AT TTCAA G GT T A ATA AA GT T TA AA G CT TTC AAAA A CG
4 1 5 1･ C A T T TC C CT C T C A ÅTT T T AA TTACA A C GA A AT A A GTT CA A AÅCA T TC
4 2 0 1 C T C T G A T T T G ATC で T AC A A GTC T T T C T T TT A Tr G A TA T CT C A G CA A TA
8 8. 7
8 8. 7 ′
8 6. 8
9 0. 6
Figu re33. Putativ etra n s a cting fa cto r, S B F･1, binding sites of G P S A Taspredicted by
T S E A R CIIv tr. 1 . 3.
Nu mbers at the righthandsideindic atethe sc ore s ofsimilaritytotheS B F-Ic onserv edr glO n aSindicated
by a 汀O W Sat the botto m orthe seque nces.
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6.2. Co n clu sio n s
The m olec ular clonlng andchara cteriz atio n of P G D H, P S A Ta nd P SP fr o mArabidopsIS
ha v ebeen fully a chie v ed, the refore c o mpletedthefirst m ole c ularbiologicalstudy ofthe
thre e s erin ebio synthetic e n zym esin the plastidic pathw ayin higherplants･ Allthes e
thr e egen es are slngle-c opy genesin the ATl[lbidopsISgenO m e. T hey ha ve co m m on
si mi la ritie s :i･ e･ , they are plastidic targetedproteins and ar epreferentiallye xpr e ss ed in
the ro ot of light-gro wn plants, suggestlng the possible r ole of the plastidic
pho sphorylated s erin ebio synthetic pathw ay lnS up plying s erine to n on -photo synthetic
tiss u es orin thedark
,
wher ethephoto r espir ato ry serin ebio synthesisis repr essed･ T his
pathw ay m ayals ofunctioninfastprolifer atlngtis s ues wherethe serin edem a nd is.high･
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M E T HODS A N D M A T E R IA LS
7.1. Pla nt Mate rials
Arabidopsis thalim la eC Otype Colu mbia seeds w ere ge minated and gr o w n o n
ge rmination m ediu m (G M) (115)agarplate s u nder 16 h/8 h lig t and dark cycle s, at
22oC forthree w e eks. Fo rthedark-tr e ateds e edlingsthat were u s ed fo r n o rthe rn a n alys e s,
2- w eek- olds eedlings w er e w r apped in alu miniu m fbil皿d s ubseque ndy gr ow n fb∫
an otherh[e ek before R N Ae xtractio n w a s c arried out.
7.2. Is olatio n of CDNA a nd Genomic C lo n e s
Fortheis olatio n of CDNA which enc ode sfo rP S A T, approxim ately2･5Ⅹ10
5
amplified
plaqu esfro m theLgtl1CD N A library of A･ thalia l a e C Otype Colu mbia w ere s ubjectedto
scr e e n lng Withthe
32p-labelled probe synthesiz ed fro m the CD N A in sert of the
AJ功idopsisE S T, F AF L52clo n e(Ge nB anka s session no･ A T r4557)･ CD N Asc re e ning
libraryfo rP G D Hw as car ried outu slng a
32p-labelled synthetic50- mer oligo n ucle otides
probe (5
I
- G T T A C T G T G A C A C C T C A T C TT G G G C T A G C A C A A A A G A A G C T C A G G
A A G G-3T)that w asbas ed o nthe published sequ e n c es ofthe CD N A in s ert of the
Arabidopsis ES Tclo ne, F A FH Ol(Ge nB ank a s s e s sion n o･ A T rS 3047)･ In o rder to
is olate alonger CD NA clo ne, F P S P 4, the CD N Aclone which w asis olated byfu n c血 n al
co mple m e ntation of E･ c olise rB
-
m utantS K472, w asused as probe to scre en 5x10
5
amplifiedplaque sfr o mthe入一gtl1CD N A library of A･ thalian a･
T heArabidopsIS CD N A
IClo nesC P G D H-5 and C P S A T-5 w ere usedto s cr e n for
genomic clon esfr om theArabidopsisgenomicLE M B L3 S P6 mlibrary(C L O N TE C H)･
Appr oxim ately2xlO
5
a mplifiedplaques w ere s cre e n ed fo rP S A TaJld 4x10
5
a mplified
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plaqu e sforP G D H･
Hybridization ofthe m e mbr an e s(Hybond N
'
, Amersha m) w a s c ar ried o ut at
65oCin5xSS P E(0･ 9M NaCl, 0.05 Ms odiu mpho sphate(pH7･7), a nd 5mM E D T A),
0. 5 % S D S, 5xDenhardt
'
s s olution and 25トLg/mLs alm on sper mD N A･ Me血br ane s w ere
w a shed at m axim u m stringe ncy l nlxSS P E, 0. 1 % S D S for lO mintwice and final
w ashing w as c onducted at65
oC in 0.1xS S P E
,
0,l % S D S fo r10 min, andthe n e xpo s ed
toFuji X-r ayfilm .
Ge n o mic clo nl ng Of P S Pw as carried o utbyP C Ra mpliBc ation u slng prlmerS:
5' - C T C C A G T C G A C A T G G A A G C A T T A A C T A CT T-3
'
and 5' - C G CGG AT CCT A T A G
A G G C T m A G T C C A A T-3
'
.
7.3. ひN A Sllbclo nlng a ndSeqⅦe n cing
●
The CD N Aa ndge n omic D N A ins ertoftheis olatedpositiv e clone s w er s ubclon ed into
appropriate clo ning sites ofpB lue s criptII(S K
-
) (Str ategen e)I Sequ e n cing of fullle ngth
D N Aw as c ar ried o ut o nboth str ands u s ing a Serie s of o v e rlapping e X O n u Cle a s eIII
dige sted clon es cr e ated withthe Ex oM u ng deletion kit(Stratege n e)･ Anto s equ encing
w as c o ndu cted by the dide oxy-ch ain termination m ethods with Therm o Sequ e n as e
(A m ersba m)u singaShim adzu D N As equ e n c er(Model D SQ1000)･
7.4. Nu cleic Acid Pr epa r atio n and Blot An alys es
Ge n omic D N Aw a s e xtra cted fro m theleave s of 3- w eek-olds eedlings a sdes cribed in
m llaporta etal. (116). ForSouthern analysis, abo ut5トLgOfge n o micD N Aw asdige sted
withre strictio n e nzym es, s eparated byele ctrophoresisthr oughaO18 %(w/v)agar o se gel
andtr an sferredto a Hybo nd N
'
m e mbraJl e(Amersh am). Is olation oftotalR N Aw a s
perform ed by a m odifiedgu anidin e
- H Clm ethod asde s cribed in Sambro ok et al･ (l17)
fr o mthele a ves and r o ots of 3- w e ek- olds
'
e edlings. TenLLg Oftotal. R N Aw a s s eparated
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u nder de n atu ring c onditons o n aI. 2 %(w/v)agar o s egelcontainingfor mal dehyde, and
tr an sferr edtムa Hybo nd N' m embr an e(Amersha m). D N Aand R N A blots w e reprobed
with 32p Jabe11edprobe s synthesiz ed fr o mthe CD N Aclon es･ Toin v e stlgate the mRN A
e xpr e s sio nle v els of H
-
pr otein (a s ubu nit of G D C)and S H M T,
32p-labelled pr obes
synthe siz ed fr o m CD N A in s erts of ArabidopsisE S Tclo n es, 200 K16T7a nd 11l M 16T7,
re spe ctively, w ere u s ed･ To v erify equivale ntlo adings of R N Aon blots, m e mbr a n es
w e repr obed with a
32p-labelled ricerDNA(pR R 217)(118)･ Hybridiz atio n and w a sh ing
c o ndito n sw e rethe sa m e a sdescribed above. Relativ evalu e s of m R N Atr an s cripts w ere
calc ulatedba s edo nthehybridiz ationinte n sitie s ofspe cific slgn als o ntheblotsqu antified
bythe虫A S-2000 im age analyze r(Fuji).
Restrictio n丘･agm entlengthpolym orphism (R F LP) m apping w as ca血ed outby
30re co mbin antinbred(RI)lin es(119). Hybridizatio n and w ashing w ere c aried o uta s
des cribed abo v e e x c ept the fin alw ashing c onditon w as redu c edto O･5ⅩS SP E, 0･1 %
S D S for10 min at65oC. 3 2p11abelledpr obes synthe siz ed fro mgenomic clo n e s, G P S A T-
45and G P G D H-17, and CD NA clo n eC P S P-1 w ere u sed forhybridiz atio n. The m ap
distan c es we rekindly calc ulated by Dr. M . Ar n oldand Dr･ M･ An ders on (No仕ingham
ArabidopsisSto ck Center), based on theR F LPprofile sgen er ated byH hal forP S A Tand
PS P; and Ec oR V forPGDH .
7.5. Ov e r expre s sio n a nd Purific atio n of Re c o mbin a nt En zym e
Age n er al m ethod of D N Ae nginee ring w a sfollow ed ac c ordingtoS ambr o ok etall (117)･
N c olsite sw er e cr e ated on bothends ofthe c oding r egionby polym er as e ch ain re action
(P C R)e ngine ering u singthe synthetic prim ers :A B l(5
.
-G T C T A C C A T G G GC T C
G T C G G A T C C C A A G-3
-
) and A B 2(5
-
- C A C G T C C A T G G A G A A A GATr r rG A T-3
'
)
fo r P S A T; and AB 3(5
'
- C T A C A C C A T G G C A T m C A T CTC G-3
'
) and A B 4(5
T
-
c A T G A C C AT G G A T A A A A C A C C T ト3
-
) for P G D H. Primers A B 5(5
'
-C A G T r C
c A T G G A AG C A T r A A C T A C T C A A G G-3
'
) and AB6 (5
'
- C G C G G A T C C T A T A G A G
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G C T m A GTC C A A T-3
'
) w e re used fo rP S Pto create N col site at the 5
'
- end and
Ba mH Isite at the 3
'
- end. The englnee red D N Afragm e nts w e re ins erted into the
appr opriate site s ofpE T3do rpE T3 2a(＋) (Novage n), in wl-ichthe CD N Aw a splac ed
unde ra str ongゆlopro m oterin boththe s ens e a nd a ntis ens e o rie ntatio n･ Thepla s血ds
w er ethe nintr odu ced into E. colt B L 21(D E3)pLysS orA D 494(D E3)pLysSin which
the ge nefo rlys oge nic T7 R N Apolym erase, unde rtheJ∬ UV5pro m oterisinduc ed by
is opropyトトthio-β-D -gala ctopyr an o side (IP T G)･ Tr an sfo r med E･ c olistrain s w er e
pre c ultu r ed in LBm edium supple m e nted withc arba nicillin(looLLg瓜)shaking o v ernight
at37
o
C; andthen w e re addedto 200mL fre sh c ultu r e m ediu m and furthe r c ultured for4
h. Afte r addingIP T G(1 m M)to indu c ethe e xpression, in cubatio n was c ontinu ed for
an other4 h･ TheP S AT re combin antprotein acc u mulated in thein s olublefraction of E･
c oliA D 494 e xtra cts w aspurified by u sing H IS
- BIN D buffer kit(No v age n)following
theinstm ctions a sdes c ribed imthe m a n u al.
7.6. Fu n ctio n al Co mple me ntatio n of E. c olt Muta nts
CD N Aclo ni ng Of P SPw as c aried outbyfu n ctio nalc o mple m e ntatio n of E･ coli SK47 2
(c G S C #6102) (A
-
,
r elA l
,
spoTl, thi-1. zji-202::Tnl O, s erB 22). Approxim atelylxlO
5
c ells w ere tr an sfo rm ed with plasmi d D N Ar ec ov ered fr om 九Y ES A･ ihalim a CD N A
e xpressio nlibrary(106)byboth he atsho ck and electroporation tran sfor mation m ethod,
andplated on M 9 min m alm ediu m with 50LLg/mL ampicillin,the nincubated at37
oC foil
o n e w eek.
To v erifytheidentities ofthetw o CD N Aclo n es, C P S A T
-5 and CP G D H-5, E･
coli K L 282(tonA 22, phoA 4(Am),
I
(s e nS14, s e rC1 6), se rS13, o mpF62 7, s upD 32
(se ruI32), reL4 1, pitlO, spoTl, T2R)m utant(1 01)cells which w e retr a n sfo r m ed with
plasmi ds pTV l18 NandPC P S A T
- A B 13 T, respectively; a nd E. tDlix536(Hfr O R ll,
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s upE42Å
‾
s e rA 12 T3Rα proB proA … lacP) m uta nt cells(68) which w ere tra n sform ed
withplasmi dspT V l18 NandPC P G D H- A B 14, re spectively; w er ete sted forthei1
･
abilties
togro w o nM 9minim al m ediu m withand witho utse rュne s upplem entation ･
7.7. Pr otein ‡‡a r v e sting fr o mAr abidopsis
Appro xim ately0. 1g ofleaftis s u ew a s addedto 300い･L oflysisbuffer(2 m M Tris- H Cl
(pH 8. 0);0.14 M NaCl;1 m M phenylm ethyls ulfo nylflu oride) and ho m oge nized witha
pe stlein anEppe ndo rfftube, follo w ed by ce ntrifugation at12,000gat4
oC for 5 min･
The s upem ata nt w a sused fわrproteinqu antitation and S D S-P A G E･
7. 8. Sodiu m Dodecyl Sulfate (SD S)･ Polya c rylami de Gel Ele ctr opho r e si
(P AGE), W e ste rn Blot a nd Pr otein Q甲 ntitatio n
S D S-P A G Ew a s c arried o ut o n12 %(w/v)acrylami de gel by usingthe standard method
of La emi i(120). The mole c ular weight m arkerkit(P har m a cia Uppsala)w asused for
c alibration . Pr otein w a s stain ed with Co o m a ssie BrilliantBlue dye u singQuick C B B kit
supplied by Wako(Kyoto). Pr otein w asqu antified followingthe m ethod of Bradford
(12 1). For W estern blot analysis, proteins s eparated by S D S-P AG E w ere
ele ctr o chemical1ytr an sferred o ntoI mm obilo nP m embr an e(M ilipore, Bedfo rd) andthen
re a cted with 1/50 tim e sdilution of r abbitantis er a raised agalnStPu rified r ec o mbin a nt
P S A T fused with His-tag･ The im m u n o r e a ctive pr oteins were vis ualiz ed u slng
pho sphata s e-labelled go at anti-r abbitlgG (Kirkega ard a nd Perry Lab･ , M D) and 5
-
br o m o-4-chloro-3-indolylpho sphate (B CIP), p-toluidin e/nitroblu etetra z oliu m chlo ride
(N B T)(Gibc oB R L, M D)as s ubstr ate･
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7.9. En zym eAs s ay
Cr ude e xtr acts of E. c olitransfor mants w er epr epar ed fro m 50mL statio n ary phase
c ulturesgro w nin LB liquid m ediu m. Cells w ereharv ested, w ashed in 20 mL of 200
m M Tris- H C L(pH 7.5), 200m M K Cl, 1 m M E D T A, l mM dithiothreitol
.
, andthe n
re s u spended inthe s a m ebuffer･ The cells w er edis ruptedbys onication and e xtra cts were
c e ntr血ged(15 krpm at 4
oC for 15 min)to rem o ve debris a nd m e mbr弧 e-bo u nd
e nzym e s(96).
The as s ayfo rP S A Tactivityw asba s ed o nthatde scribed in Du ncan a nd Coggins
(96). Ass ay miⅩtures c o ntained 50m M Tris- H Cl(pH 8･ 2),32m M a m oniu m ac etate, 2
m M glutam ate, 0.2 m M N A D H, 2.5 m M 3 P H P, 2 u nits ofglut am atedehydroge n ase and
lOトLL protein e xtract. T he r ea ctio n at25
oC w a sinitiated bythe addition of 3P H P, and
the abs orba n c e change at3 40n m w a s m e a s ured･
P GD Hw as as sayed in the dir e ctio n of N A D Ho xidatio n･ T he as s ay mixtu re
c ontain ed lOい一L of e xtract, 25m M Hepes(pH 7･ 1), 100トLM N A D H, 400mM K Cland
90トLM 3P H P(71). The re action was started bythe ad dito n of3PⅢP at30
oC･ Pn eu nit
of e n zym e a ctivityis defin ed asthe amou nt that c auses the o xidatio n of lけm Ole of
N A D H 血in u nderthe stated c ondito n. In the physiologic al dire ctio n, P GD H w as
as s ayed asde s cribed in (71) at 30
oC with s o m e m odi丘c ations･ T he as s ay 血Ⅹ山re
c o ntain ed lOトLL ofe xtr a ct, 200m M Tris -H Cl(pH 9･ 0), 25m M E D T A, 5 m M 3P G A,
2.5 m M dithiothreitol and 0.5 m M N A D
'
. on e unit ofe n zym e a ctivityisdefin ed a sthe
a m o u nt thatc a u s esthe redu ctio n of lトL m Ole of N A D
十/min u nde rthe statedc o ndito n･
P SPactivityw a sdeter mined by m eas uring the phosphate rel as efr o m3-
pho spho s erine at30
oC in a v olu m e of O･5 mL re action mixturec ontaining:80InM Tris-
H Cl(pH 7.5), 10mM 3-phospho s erin e, 3 mM MgCl,, and 20トLL e xtract to start the
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re action(73). T he r ate w asline arfわr atle a st15min . A 鮎rlo 也n, 0･25mL 15 % T C A
w a s addedt6stopthe r e actio n. Fre epho sphate w a sdetermin ed(122) and c orr ections
w ere m adefわr z erotim ebla nk
`
rate s
'
. Blanks witho uten zym e w er als orun ･ One unit
ofen zymeisthe a m ou nt thatc atalyze sthe c o n version of lトL m Ole ofs ubstr ate/血 n under
the statedc o ndito n.
7.10. Pla smi d Re c o v e ry of D N A fr o m九Y ES A. thalian aCD N A Expr e s sio n
Libr a ry
The plasmi dpart ofthe vector w a slo opedlout of thelamb da by infecting E･ c oli
BNN132c ells(106)which e xpres sc reand cI･ E･ c oli B N N 13 2c ells w ere gr o wnin 2
mL of L Bwith 2 %malto se and 50い,g/tnL ka n a myclnat37
oC over night, andthen spu n
do w n andr e su spended in l 血L九 dilue nt(117). Appro xim atelylxlO
8
phage u nits of
九Y ES A. thalim aCD N Ae xpre s sionlibrary w a s addedtothe c ells a nd inc ubated at37
oC
fo r30 min. T hen, 2 mL of L Bw a s added and c ells w erefurtherinc ubated with shaking
for3 h before tr an sferredto 2 Lof
`Terrific Broth
'
(117) with 50mg瓜 ampicillin･
standard plasmi dpr epar ation and c esiu m chloride purific ation w er ec ar ried out to
r ec o verthe plas血d D N A･ This cultur eyielded O･ 6 鵬 Ofpla s血d D NA a触r c esiu m
chloridepu rific ationforfu n ctionalc o mple m entatio n ofE･ colis e rB
-
m utantc ells(Se ctio n
7. 5).
7.l l. Prim e rExte n sio n
T heprim er e xtensio n e xperime nts w e re c alTied o uta sdesc ribed in Sambr o ok etall (117)
with min o r m odific atio n s. Synthetic oligo n u cle otide s, PE P S A T(5
T
-C T r r r GTCT A A
GT A 舶 C G-3
-
) and P EP G D H(5
-
- C A C C GT C T r C T A G A TT C G C C-3
-
) w ere
c o mplem e ntaryto a reglOn Of 81
- 00 bpof C P SA T-5 and C P G D H
-5 resp
'
e ctiv ely･ Ten
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to tw e nty LLg Oftotal R N Aand 10pm ol ofprim er w er e ann ealed at 60
oC･ Prim er
extension w asc ariedout with I.85 M bqofα -
3 2p d C TP. The re a ctio n w as startedt)ythe
additon of r e v ers etrans cripta se a nd w a sfu rther inc ubated fわr at3 7
oC 60min･ The
rea ction mixture w a s an lyzed byde natu ringseque nclng gelelectropboresis･
7.1 2. Subc enula r Orga n elle Lo caliz ation by G F P
To verifythe s ubc ellularlo caliz atio n of P S A T inplant
'c ells, a228 bp and a246 bpP C R-
amplified fragm e nts ofthe5
'
-e nd of P S A Tand P G D H, respectively;u si ng Prlm erS:5
f
-
A G T G T G T T C G A C A T G G C G G C T A C G A C G A A C T-3
.
and 5
-
- C T GC C A T G G C A A
GT rGA A G A C A C G T T C T-3
f for P S A T･, and 5- A G T G T G G T C G A C A T G G C A T
m C A T C T r C G T-3. and 57 - C C T G G C C A T G G C C T T r G G A A G A G Tr GG A T-3
' for
P G D H;w ere s ubcloned intoplasmidCaM V 35S-SGF P(S 65 T)- N O S 3
'
(82)witha CaM V
35S-pro m oter atits5
.
- e nd, G F Pasthe reporterge n e a nd n opalin esynthetas ete rmin atol
･
as the tran scription terminator･ As for P S P, pri m ers 5
'
- C T C C A G T C G A CA TGG
A A G C A T T A A C T A CT T-3' and 5' - C C T G G C C A T G G C T C GT GAG G C T G C A C A G A A-
3' w e r eu s edto a mp岨eda180 bp丘
･
agm e ntforfurthe rsubclon lng･ Plas血dc o n struct,
35Sf2- TP-SG F P(S 65 T) (82) carrying tr an sit pep*de s equ e nce obtained fro m the
ribulose -1,5-bispho sphate c arboxyla s es m allsubunitpolypeptide of Ambidopsis(83),
w a s u s eda spositive c ontr ol.
Tbe s eplas血ds w ere u s ed fわr s ubseque ntparticle gun bombardme nt･ Particle
gu nbo mbardm e nt w as c arried o ut u singHelio sGen e
- Gun system (Bio- Rad)follo wing
the sta nda rdproto c olpr o vided bys upplier･ A M Lq(M icro c arrie Lo adingQu a ntity)of
0. 5 mg ofgold/target and a D L R(D N A Lo adingRatio)of 2トLg Of D N Aノmg goldw ere
cho s e nto bo mbardthe 3- w eek- old ATlabidopsISS e edlings at a pre s s ure of loop･s･i･
plates w ereinc ubated for20 hu nderillu mination conditon s at22
oC 'Wterbo mbardm ent.
Individu al le a ves w ere vie wed with a 仇1 0re SCe nt 血 cr o s c ope(B X 50-F L A, Olympus)
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u sing the C hro m a
'
s Dual Band filte r, 印T C & T RIT C(Olympu s), which pro vide s
e x citatio n s at475-490n m and 545- 65n m;and emis sions at510-530nm and 585-620
n m. Photogl
･
aPhs w eretake nusingFujichr o meIS O 100 film ･
7.1 3. Im m u n olo c aliz atio n of PSA T
Irr unu nolo caliz atio n of P S A Tprotein w asperform ed on 3
- w eek- old A･ thalim2a eC OtyPe
Colu mbia s e edlingsI The plant tiss ue s wer einitiallyfixedin 4% fo r mal dehyde, 50 %
ethan ol and 5% ac etic acidat 4
oC ov ernight･ Fix ed tiss ues wer edehydrated and
e mbedded in polyethyleneglyc ol(P E G)#1540 (K anto Chemical) as de s c ribed by
M ar ris on and Leech(123). Se ctio ns of 8LLm W ere m o u nted onto slides coated with 3-
aminopr opyltrietho xysilane(Sigm a) and left todry at42
oC o v ernight･ The sectio n s w ere
s o aked inpho sphatebuffereds aline(P B S
･
, 0･16 M NaCl,8 mM Na2H P O., 2･7 m M K Cl,
l.5 m M K H2P O.)to r e m o v eP E Gand.inc ubated o ve rnightat4
oC with 100LLLof 1:200
dilutio n of r abbit antiseru m rais ed again st P S A T in 0.5 %(w/v) B S A 仲B S･ A fte r
s equentialw ashing with 0.5 %(w/v)B SjV P B S for 15如n, with O･ 01 %(v/v)Tw ee n
20/P B S fわr 15min a nd w 地 P B S fわr 15min, se ctio ns w ereinc ubated with FITC
conjugatedgoat anti-rabbitIgG (Sigm a)in adiluted c onc e ntration reco m m e nded by
supplie r,in 0.5 %(w/v)B SA 仲B Sat ro o mte mpe ratu re fo r2 h･ Slides w e re m ou nted
with a dr op of Ve ctashield and vie w ed by a nuores c ent micr o声C OPe (B X 50
-F L A･
olympu s)with Chro m a
'
s Dual Band filter, FIT C &T RIT C･ P hotographs we retaken by
u s mgFujichr o m eIS O400 film ･
7.1 4. In Situ Hybridizatio n of P S A T
In situ hybridization w asc aried o ut on 3
- w eek- old A･ thalim a seedlings which w ere
fixed in 49 uo r maldehyde, 50 %etha n ol, a nd5% ac etic acid for3 hatroo mte mperature･
Fix ed tis sue s wer edehydr ated and e mbedded in paraffin ac c ording
･ to standard
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pr o c edu res(124)･ Ten LL m S e ctio n s w er e m o unted o nto slide s c o ated with 3-
aminopr opyltl
･ietho xysilane and pl
･
etre ated for hybridizatio n a cc ording to Ange re rand
Angerer(124).
3 5s- U TP-labelled s ens e and antisen se RN Aprobes w ere generated by
run -offtran s cription with T7and T3 R N Apolym era se(Prom ega)I Labelled R N Aprobe s
w er ehydr olyz ed to an a v e r age length of 3 00n ucleotide s･ The bybridiz ation
■ mix
c ontained35s-labelledmR N A(5x10
6
cpm per slide s), 10 m M Tris- H Cl(pH 7.5), 5 0 %
(v/v)for m ami de, 0. 3 M NaCl, l m M E D T A, 150LLg/ a. ye ast tR N A, 1x De nhardt
.
s,
10 %(w/v)dextr ans ulfate, a nd 70m M dithiothreitol. R Na se tre atm ent, w ashing steps
w e r eperfor med as desc ribed in Ange rera nd Ange r er(124)･ Slide s w e reco ated with
Hyperc o ate m ulsions(Ame rsha m) andthe ndev eloped withKodak D- 19･ After staining
with 0. 05 %(w/v)toluidineblue and dehydration, the slides w er m ou nted in mounting
m ediu m(PolyMou nt, Polys cie n c e sInc. , W arringto n, U S A)･ P hotographs w er etakenin
a mic r o sc ope(B X 50, Olympus)usingdark-fieldoptics and Fujichro m eIS O 10 0 film ･
7.1 5. Pla smid Co nstr u ctio nfo rTr a n sge nic Pla nts
ln o rderto subclon eC P G D H-5 and CP･S A T-5 intotheBα 乃H Isite ofv ector pH T r202,
in whichthe CD N A is u nderthe r egulatio n of CaMV(cauliflow e r mo saic vir us)-35S
pro m oter, the Ba nH Isites within thes etw o cD N Asw er e site
- m utated byP C R･ First
rou nd P C Rs w ere c arried outby using Prim ersP S A T-B land P S A T
- B 2;P S A T-B 3 and
P S A T-B 4for P S A T; and P G D H- B l and P G D H- B 2, P G D H-B 3 and P G D H- B 4;fo r
P G DfI, re spectiv ely･ T heP C Rproducts werepurified and u seda ste mplate sfor s e c o nd
r o u nd PC Rs, in which P S A T-B land P S A T-B 4, P G D ‡トB land P G D Ⅲ-B 4; w er e u s ed
a sprl m erSfわrPS ATand P G D H, r e spe ctiv ely･
p c Rpr odu cts, P S A T- G and P G D H-T G, w ere s ubclo n edinto v ectorpH T T202
in both se ns e a nd antisen se o rie ntatio n sin re spe ct to CaM V
-35Spro m oter･ Thefo u r
plasmi dcontructs, P S A T- G S, P S A T- G A, P G DH
-TG Sand P G D H- T G Aw ere us ed
89
totransfor m4grobac te riu mtu mefa cien sC58 CiRiP
i
(pp G V 3850 Cb
R
)byelectroporatio n.
T hepri me rS equ enC eS ar e a Sfollo w ed:
P S A T-B 1(5
'
- C G C G G A T C C C A T G G C G G C T A C G A CA A C T C-3'),
P S A T-B 2(5
'
- A G A C A C G T T C T T G G G A A C C G ACGG A G C C G G-3
'
),
P S AT-B 3(5
'
- G T T A G A T C C G G C T C C G T C G G T T CCC AA G A A-3
'
),
P S A T-B 4(5
'
- CG CG G A TC CCA T C m C A A C A A A C A T A A C C-3チ),
P G D H- B 1(5
'
- C G C G G A T C C C A T G G C A T T T TCA TCT C G T G-3'),
P G D HI B 2(5
'
-T T T C T C G G T G A C G A G G A T T C T C GCT TT G G-3
'
),
P GDH - B 3(5
'
-A C T C T T C C A A A G C C G A G A A T C C T C G T C A C C-3')a nd
P G D H- B 4(5
'
- C G C G G A T C C A T A C A C C A C AA T G C A A C T C C-3').
7･16･ Va c u u mInfiltr atio n Tr a n sfo r m atio n of Ar abidopsis
Theproto c olisba s ed on the w o rk of Be chtoldetal. (110). Tw ohu ndred and fifty(25 0)
mLof Y E Bm ediu m c o ntainlng50mgn- kan amycln, 50 mg瓜 rifampICln a nd 100mg〟一
spe ctin o mycin w a sin no culated with lO %(v/v)of an o ve rnightculture of A. tum efa cie n s
C58 CiRiPi(pp G V 3850 C b
R
)c arryingtheplasmi dc onstru ct, andgr o w n at28
oCto anO D
(600n m) of O･8･ The c ultu r ew a s ce ntr血ged at 5 krpm fわr 10min and ge ntly
r e suspe nded with 1/3oftheimit alv olu me ofinfiltration m edium(110).
Fo u rtofive w e ek- old A･ thalim la e C OtyPe Columbia grow n on G Mplates were
c ar efully deta ched fro m the agar beforeinfiltration tr an sfor m ation･ Appr o xim ately 25
pla nts w ere putinto abic ar c o ntain lng the ba cterial suspension dis s olving ln the
infiltratio n m ediu m abo ve . Thebic arw aspla c ed into a v ac u u m cha mber. A v a cuu m w as
c r e ated u ntil bubblesfo r med o nleaf and ste m s u rfa c es. The v ac u u m w a sm intained fo r
lO 血n utes a ndthe nrele a sedrapidly.
T heinfiltr atedpla nts(To)w e reim mediatelytr an sferredtopot(appr o xim ately10
plants/pot) c o ntaining humi dified potting mix, and cov e red with a pla stic w rap to
90
m aintainhighhu midity･ T hepla nts weregro w nfo r416 w e eks, w atered m oderatelyuntil
m atu rity. Seeds w ereharv ested a nd dried.
7･1 7･ Sc r e e n i ng Of Ar abidopsis Tr a n sfor m amts
●
Approxim ately200seeds w eres o wed onto G Mplates with 50mg/L kan amycln and
gro w nfor 1 w eek in gro wth cha mbe r･ Tr ansform ants(Tl)w eres c ored o ne w eek later.
Resistants e edlings w er etran sfe rred o nto ne w G Magarplates andgr o wn fo r an other3
w e eksbefわrethey w e repla nted intoindividu alpots c o ntain lng pOtting 血Ⅹ･ Pla nts were
w atered･ with n utrie nt s olution du ring no w e rl ng until theyfinishedpr odu cing no w e rs･
Individualplants w e re c o v e redto preve nt cro ss-pollination ･ T, s e eds w e rehar v e sted
fr o m TI Pla nts upon maturation and u s ed for fu rther s cre en ing for ho m ozygote
transgenicplants(T3)･
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